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(57) Abstract 



Compositions for stabilizing polynucleic acids and increasing the ability of polynucieic acids to cross cell membranes and act in the 
interior of a cejl. In : one .aspect, the invention provides a polynucleotide complex between Va polynucleotide ^ iwlyether block 

jc^lymers. The polynu^ 

^e mve^non^sp provides a polynucleotide complex between a polynucleotide and a blb^ ani 
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POLYNUCLEOTIDE COMPOSITIONS 

This is a continuation-in-part of Serial No. 08/912,968, filed August 1, 1998, 
which in turn is a continuation-in-part of Serial No. 08/342,209, filed Noveiiiber 
5 18, 1994, now U.S. Patent No. 5,656,61 1 . 

Field of the Invention 
The present invention relates to compositions of poty 
such as RN A or DNA polymers and polycations that ^ 
. . ^ of honcovalently, with block copolymers of a^ti^^l^tfee^s^:/: ^-""'^'^fa^ ' - 

10 complexes are well suited for use as vehicles for delivering nucleic acid into cells; 

Background of the Invention 

The use of antisense poly(nucleic acids) to treat genetic diseases, cell 
mutations (including cancer causing or enhancing mutations) and viral infections 
has gained widespread attention. This treatment tool is believed to operate, in one 

15 aspect, by biricUng to ^sense" strands of mRNA ericoding a protein believed to be \ 
involved m causing the disease state sought to be treated, thereby stopping or 
inhibiting the translation of the mRNA into the unwanted protein. In another 
aspept, genomic DNA is targeted for binding by the antisense pblyiiucleotide 
(forming a triple helix), for instance, to inhibit inscription. See Helene, Anti- 

20 Cancer Drug Design, 6:569 (1991). Once the sequence of the mRN A sought to be 
bound is known, an antisense molecule can be designed that binds the seriste strand 
by the Watson-Crick base-pairing rules, forming a duplex structure analogous to 
the DN A double helix. Gene Regulation: Biology of Antisense RNA and DNA, 



i 
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Erikson and bezant, eds.> Raven Press, New Ybrk, 1991; Helerie, Anticancer 

serious barrier to fully exploiting this technology is the problem of efficiently 

;' : -'; :; int^^(^^intp-<x^ a> a sufficient number of antisense^m^ 

; ; ;|i 

/ One method ,; that -has ' been employed : to overro^ probleih is r ; 'to / - : 
covalently modify the 5' or the 3' end of the antisense polynucleic; acid molecule 
with ^ hydrophobic substituents. These modified nucleic acids generally gain 
access; to the cells interior with greater efficiency. See, for exaihpie, Kabariov et i 
10 ^ 

Shw&^ Additionally, the phosphate 

backbone of the antisense molecules has been modified to remove the negative 
charge (see for Example, Agris etai biochemistry, 25:6268 (1986); Cazenave arid 
Helene in Antisense Nucleic Acids and Proteins: Fundamentals and Applications, 
15 Mol and Van der Kfpl, eds., p. 47 et seq : , Marcel Dekker, New York, (1991) or 
the purine or pyrimidine bases have been modified (see, for example, Antisense 
Nucleic Acids and Proteins: Fundamentals arid Applications - Mol arid Van der 
Krol, eds., p. 47 et seq:, Marcel Dekker, New York (1 991); MiUigan <tf al in Gene f- 
; ) Therapy For Neoplastic Diseases, Hubert 
20 : Academy New York (1994)5 O 

penetration barrier include incorporating the antisense poly(nucleic acid) sequence 
, into expression 

; whichy in the cell, can direct, the ^ synthesize more 

substantial amounts of antisense pbl^ucleic m^ 
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Tarhoo&etaLyAnn. NY Acad ScL, 716:23 (1994). This strategy includes the use 

of recombinant yiruseis that have ah expression site into which the -antiserise I 

sequence has been incorporated. See, eg , Boris-Lawrie and Temin, Ann N, Y. 

Acad, Set; 716:59 (1994). Others have tried to increase membrane permeability 

I 5 ; : • by neiit^izihg the negative : charges on antisense ihqleciiles or other nucleic jacid 

: mpiecules with : polycations. See, e.g. Kabanoy ; a/. , Soviet s Science Reviews:- 

Vol. 11, Part 2 (1992); 30 Kabanov et ai, Bioconjugate Chemistry 4:448 (1993); 

Wu and Wii, Biochemistry, 27:887-892 (1988); Behr et ai, Proc. Natl Acad Sci 

: U.S.A. 86:6982-6986 (1989). There have been problems with -systcmically 

10 administering :poylnucleotides due to rapid clearance; degradation and low 

bioavailability; In some cases it would; be desirable to target polynucleotide 

; ; v molecules to a specific site in the body to specific target cells . Also j due to poor 

or low transport across biological barriers (such as the blood-brain barrier) the 

: transport of ; polynucleotides to targets : across this barrier is decreased or 

15: irnpossible; Additionally,; the problems with low oral or rectal bio 

• dramatically hinders the administration : of such polynucleptides (including : 

• oligonucleotides);. 

^ Of course, antise 
: polynucleic acid molecules that can usefully tie made • more permeable to cellular 
20 membranes: To make recombinant pfotein expression systems, the expression- 
: directing nucleic acid must be transported across the membrane and into the 
eukaryotic or prokaryotic cell that will produce the desired protein. For gene 
therapy, medical workers try to incorporate, into one or more cell types of an 
: -organism, a DNA Vector capable of directing the. synthesis of a protein missing 
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♦ from the cell or useful to the cell or organism when expressed iii greater amounts. 

The methods for intrbducirig DNA to cause i xiell to produiqe a new prbteijri, 

ribozyme or a greater amount of a protein or ribozyme are called <c transfectidn" 

methods. See, generally; Neoplastic Diseases, Huber and Lazo 9 eds., New York 

• " 5 ,. : ; Academy ;pf^ Feigner, ^Ady. prug$eliy. jtev., 5:163 

(1990); McLachlin, et al, Progr. Nucl. Acids Res. Mol Biol, 38:91 (1990); 

Immunol 177:217-235 (1992); Makdisi et al, Prog. Liver Dis., 10:1 (1992); 
Litzinger and Huang, Bidchim. Biophys. Acta, 11, 13:201 (1992); Morsy et '.'ah;-. 
io 270:2338 (1993); Dorudi et al 9 British J. Surgery, 80:566(1993). 

; ; A number of the above-discussed methods of enhancing cell penetration by; 
: i ^tisehse nucleic acid are generally applicable methods of incorporating a variety 
: of poly(nucleic acids) into cells. Other general methods include calcium 
phosphate precipitation of nucleic acid and incubation with the target cells 
j 5 • (Gratis Virology, 52:456, 1983), co^incubation of nucleic acid, 

Si DEAE-dextran and cells (Sompayrac and Danna, Proc. Natl A cad. Sci. , 12:7575; 
1 98 1 ), electroporation of cells in the presence of nucleic acid (Pofter et al } Proc. 
Natl. Acad. 5c/., 8 1 :7 1 6 1-71 65, 1984), incorporating nucleic acid into virus coats 
^■^ipre^ transfectibri vehicles (Gitmaii ;<? r : pi. PFroc. Natl pAcad. Sci/ U-S:^ 
20 82:7309-731 3, 1985) and incubating cells >yith nucleic acid incorporated into; 
;-. : ^ Acad,ScL-M^ -; $ 

• Another problem in delivering nucleic" acid to a cell is the' extreme sensitivity 
of nucleic acids, particularly ribonucleic acids^ to nuclease activity. This problem 
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has been particularly germane to efforts to use ribonucleic acids as anti-sense 

oligonucleotides^ Accordingly, methods of protecting nucleic a:bid fr^ 

: ;;• activity aire desirable. : . ■ 

; Summary of the Invention : -' 
; W and poly cations that are associated, either covalently : • or 

' ; i n 

: stabilized by the complex and, in the complex, has increased permeability across 
40: ^ cellMembranes; : Accordingly, the complexes ^e:well su 
for delivering nucleic acid into cells/ 

Detailed Description of the Invention 

The invention thus relates to compositions of poly(nucleic acid) polymers 
; such as RNA or DNA polymers, and poly cations that are associated (either 
: 15 coValeritly or nonco val ent ly ) wi th cati oni c block copolymers . : 

. . Structure of Block Copolymers 

i Block copolymers are most simply defined: as conjugates of at least ; ^ 
(different polymer segments (Tirrej , i M. I n : : Interactions of Siufeciants yvith 
Polymers and Proteins. Gbddard E D: and Aii^^apadmahabhan, K.P. (eds.); 
20 CRG Press, Boca Raton, Ann Arbor, London, Tokyo, pp. 59-122, 1992) Some 
block copolymer architectures are presented below. 
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Segmented Copolymer Architectures 
(Circles indicate joints of polymer segments) 



Diblock- 



Triblock 



• Multiblock i • • . 




5 The simplest block copolymer architecture contains two segments joined at 

their termini to give an A-B type diblock. Consequent conjugation of more than 
: ;i;.tWo;>segmeiits by their termini yields A-B -A type' triblock, A-6-AtB- type 
:: multiblock, or even multisegment A-B^C- architectures^ If a main chain in the 
bioc^ defined in which one or several ^peiatiiig; iiriits ai^ linked 

10 ; to different polyme* ; segments, then the: copolymer has a graft archkephite 6f v e,g., 
W : -:mA($ n type. More complex ^chitectures ; include fo example (AB) n or A n B^ 
: st^blocks which -have more than two polymer segments single center; 
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In accordance wth ihe present invention^ 
useful for polynucleotide delivery, provided that they contain (a) at least one 
polycationic segment that will bind a polynucleotide C*bindin 
; at least one water soluble segment that will solubilize the complex formed 
5 between the block copolymer and polynucleotide ("splubilizdng segment"). 

; In accordance with: the present invention; binding and solubiliziilg segments 
can be, independently of each other,, linear polymers, randomly branched 
polyineirs, block copolymers, graft copolymers^ V • st^ ^ 
!: copolymer, dendrimers or have other architecture ; including but not limited to 
10 combinations of the above listed structures. For the purposes of the current 
i^^ ; ; 

The degree of polymerization of the binding : and splubilizing segments is 
between about 3 and about 10,000. More preferably^ the degree of polymerization 
is between about 5 and about 2,000, still more preferably, between about 20 arid 
15: • about 1 ^000: The •molecular weights of the binding arid solubilizing segiriehts is 
between about 600 and about 5 00,000 S^lore ^r6feretoly^& molecular weights 
are between about 1000 and about 100,000, still more preferably, between about 
2000 and about 50,000. 

Formulas XVIII - XXIII of the instant invention are diblocks ^d triblocks; 
;: 2b At the same time, corij ugation of polycatipn segrrients to the ends pf ipdlyether of 
V ■; formula XVII yields starblocks (e. g. , ( ABe) 4 type). In addition, the polyspentiine 
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, of examples 13-15 (below) are branched. Modification of such a poly cation with 

v poly(ethylene oxide) yields a mixture of grafted block copolymers and starblocks. 
/ In one embodiment, Ae poly(niicleic acids) ^com^ 

The nucleic acid is stabilized by the complex and, in the complex, has increased 
S pem the cpmplexes are well suited 

"for- use as vehicles for delivering nucleic acid into cells. 

In a prefe^ed ; first em to the 

group consisting of polymers of formulas: 

A-B-A', A-B, B-A-B', or L(R')(R 2 ) (R 3 ) (R*) 
^g-V: (I) •• (II) (HI) V(I^' :: : ':,-: 

wherein A and A 1 are A-type linear polymeric segments, B and B' are B-type 
linear polymeric segments, arid R^ R^ R 3 and R 4 are either block copolymers of 
fo and L is a; linking group, with the proviso 

• that no more than two of R 1 , R 2 , R 3 or R 4 are hydrogen. In another preferred first 
:v!. : 5. embodiment of the invention^ the polynucleotide composition further comprises a 
: : : polycationic polymer-comprising a plurality of cationic repeating units; • 

The composition provides an efficient vehicle for introducing polynucleotide 
into a cell. Accordingly, the invention also relates to a method of inserting 
poly(nucieic acid) into cells utilizing the first embodiment pbiynucleotide 
20 composition of the invention. 

In a second embodiment, the invention provides a polynucleotide composition 
• comprising: . 

(a) a .polynucleotide; or derivative thereof; 
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•(b) a to polyetlier sejgme^ 

segment, wherein the polyether segment comprises at least an A^ype segment, 

and the pplyc^tion segment comprises a plurality of catipnic repeating uftite. • ?; 

; In a preferred secohd embodiment, the copolymer comprises a poly mer of 
'•' 5 formulas: •" 

B-A-R, A-R, A-R-A* R-A-R', A-B-R, 

• %i(y-& ; -Wi^) : : • ; : wiij > { ^-i^viri^. - : . ■ -<y0\ 

A-R-B, R-A-B, R-A-B-A, R-A-B-A-R 

: 10 (vi-b) (vm-b) (viii-c) (vm-d) ; 

wherein A, A' and B are as described above, iwherein; R and R 1 are polymeric 
segments : comprising a plurality of cationic repeating units, and wherein each 
; cationic repeating unit in a segment may be the same or different from another 
• • unit in the segment. The polymers of this embodiment can be ; termed 
15 "polyether/polycation" polymers. The R and R\ segments can be termed "R- 
type" polymeric segments or blocks. 

: : The polynucleotide composition of the second embodiment provides ; an 
^■}CJ/\ efficient y eliicle for introducing the polynucleotide into a cell. 

Accordingly, the invention also relates to a method of inserting poly(nucleic 
20 acid) into cells utilizing the second embodiment composition of the invention. 

In a third embodiment, the invention provides a polynucleotide composition 
comprising a polynucleotide deri vati ve comprisihg a polynucleotide segment aind 
a polyether segment attached to one or both of the polynucleotide 5' and 3' ends, 
wherein the polyether comprises an A-type polyether segment. 
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In a preferred third embodiment, the derivative comprises a block copolymer 

of formulas: =■ 

■ : : ;> A-pN, pN^A, A-pN-A'i jpN-A-Bj B-A-pN, A-B^A-pN, pN-A^rA-pN 
U \, (IX4a) "(M) ;: ' ; : : • ()qi) ; \(XIII) .S ^53^ 

5 A-pN-R, R-A-pN, A-R-pN, pN-A-R, R-pN-A, ^N-R-A 

(Dtb) : • :;:(1X^) / • ;-: f^tffc . • ^b) . jfefc-^f 

B-A-B-pN, pN-B-A-B-pN 

10 and B are polyether segments as described above. In -another preferred thitd 
embodiment, the polynucleotide complex comprises a polycatioriic polymer 

. Polymers of formulas (I), (II), (III) or (IV) can also be mixed with each other 
or can be mixed either additionally or alternatively with one or more of the 
polymers of formula (V-a or b), (Vl-a or b), (Vll-a or b) and (VHI-a or b) and/or 
; 15 with polynucleotide derivatives of formulas (IX-a^ b, c, or d), (X-a, b, c, d, e, or f) - 

an efficient vehicle for delivering pdly(nucleic 

acid) to the interior of cells. 

Th e polynucleotide composition of the: third embodiment':-: provides • ah • 
efficient vehicle for introducing the polynucleotide into a cell. Accordingly, the 
20 ; invention alisb relates to a method of inserting poly(nucie:ic acid) ihtb iMllsr 
utilizing t&:third e composition bf the invention. 

.'•-A fourth embodiment of the invention relates to a polyetheipplycatioh • 
copolymer comprising a polymer, a; polyether segment and a pblycationic jsegmerit 
comprising a plurality of cationic repeating units of formula -NH-R 0 , wherein R° 
25 is a straight chain aliphatic group of 2- to 6 carbon; atoms, which; may be : 
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substituted, whera segments comprise at least one pjf an A-type of 

B-type l segment. In a preferred fourth embodiment, the polycation polymer 

comprises a polymer accord 

'l^:!;;;:.:: / / (y) : (VI) : ;(VH) ■ • (VHI); ;';•;'•>:: 

:'• •;/ wherein A, A'; and B are as described above, wherein R and R' are polymeric 
i segments comprising a plurality of catipnic rejpeating units of formula -NH^R?-, 
wherein R° is a straight chain aliphatic group having from 2 to 6 carbon atoms , 
: ; : : whic^ ^Each>^-R>rrep6aling Unit in an R-type segment can 

• 10: : : be the same or different from another -NH-R?-; repeating unit in the segment. A. \ 
: preferred fourth embodiment further comprises a polynucleotide or derivative; 

In a fifth embodiment, the invention provides a polycationic polymer 
; comprising a pl^ 



[-OR 8 ^OP(0)r]: 



is:; 



NHR 9 N(R 10 )(R ,1 :)(R 12 ) 



wherein R is: 



( 1 ) -(eH 2 ) n -CH(R 1 3 )-, wherein n is an integer from 0 to about 5, and R 1 3 is 
hydrogen, cycloalkyl having 3-8 carbon atoms, alky 1 having 1 -6 carbon atoms, ; or 

20 (CH^R'v where m is an integer from 0 to about : 1 2 and R 1 ^ is a lipophilic 
: substitupnt of 6 to 20 carbon atoms* ;: 

(2) a carbocyclic group having 3-8 ring carbon atoms, wherein the group can 
be for example, cycloalkyl: or aromatic gro 

1-6 carbon atoms^alkoxy having 1 -6 carbon atbfns, alkylamihp having 1 -6 carbon 
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: : atoms, di^yiaminb wherein each alkyl independently has 1t6 ^sffbbn ^oms^ 

amino, sulfonyl, : hydroxy, carboxy, fluoro or chloro substituents; or (3) a 

heterocyclic group, having 3-8 ring atoms, which can include heterocycloalkyl or 

heteroaromatic groups, which can include from 1 to 4 heteroatoms selected from 

5 the group consisting of oxygen, nitrogen, sulfur and mixtures ther^ and which 

can include alkyl having 1-6 carbon atoms, alkoxy having 1-6 carbon atoms, 

alkylamino. having 1-6 carbon atoms, diaikylamino wherein each alkyl 

independently has 1 t6 carbon atoms, amino, sulfonyl; hydroxy ^carboxy , fluoro or 

•:; chloro substituents. •' 

10 R 9 is a straight chain aliphatic group of 1 to 12 carbon atoms, arid R 10 , R n 

and R 12 are independently hydrogen, an alkyl group of 1-4 carbon atoms. R 9 
preferably comprises 2-10 carbon atoms, more preferably, 3-8. R 14 preferably 
includes an ; intercalating acrydine or : ethydium 

bromide group. ; The number of such repeating units in the polymer is preferably 

15; between about 3 and 50 j more preferably between about 5 and 20. This, polymer 

i structure can be incorporated into other embodiments of the invention as an R- 
type segment or polycationic polymer. The ends of this polymer can be modified 
with a lipid substituent. The monomers that are used to synthesize polymers of 
this embodiment are suitable for use as the monomers fed to a DNA synthesizer, 

20 as described below. Thus, the polymer can be synthesized very specifically. 
• Further, the additional incorporation of polynucleotide sequences, polyether 
; blocks, and lipophilic substituents can be done using the advanced automation 
developed for 'polynucleotide syntheses. The fifth dnto^d^ 
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this method of synthesizing a polycationic polymer. 
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In yet another embodiment, the invention relates to a polymer of a plurality of 
" covalently bburid polymer segments wherein said segments comprise (a) at least 
one poly cation segment which segment is a cationic homopolymer, copolymer, or 
5 ; block copolymer comprising at least three amihoalky lene monomers, said 
monomers being selected from the group consisting of: 

(0 at l6^t c^e terti ary amino rtidnbrriie;r 6f tli6 formula: 



R 1 - 



.R 2 - 



*R* 



10 and the quaternary salts of said tertiary amino monomer, and (//) at least one 

secondary amino monomer of the formula: : 



R 6 --NH-R 7 - 



and the acid addition and quaternary salts of said secondary amino monomer, 
15 in which: : 

R 1 is hydrogen/ alkyl of 2 to 8 carbon atoms, an A monomer, or a B 
monomer; each of R 2 and R 3 , taken independently of the other, is the same or 
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• different straight or branched chain alkanediyl group of the formula: 



— (C 2 H^- 



in which z has a value of from 2 to 8; is hydrogen satisfying one bond of 
the depicted geminally bonded carbon atom; arid R 5 is hydrogen, alky 1 of 2 to 8 
5 carbon atoms, an A : monomer, or a B monpr^ 

carbon: atoms, an; A monomer, or a B monomer; R-^ straight or branched chcun 
< ; alkariediyl group of the fprihula: : 



v<v ; -: ; : ^ R is hydrogen* -alkyL 6&2 % 30?8- 

10 carbon atoms, an A monomer, or a B monomer; and 

(b) at least one straight or branched chained polyether segment having from 
about 5 to about 400 monbmeric units which is: 



\ 5 -arid ; a second different alkyleneoxy monomer -GG^H^-; in which 
2 or 3 and m has a value of from 2 to 4. 

The preferred polycationic segments include but are not limited to poly amines 
(e.g:, spermine, polyspermine, polyethyleneimine, polypropy leneimine, 
■ polyl^tiieheiriiirie, ■ polypentyl-eneimine, poly hexy leneimine .and • copolymers 
20 thereof), copolymers of tertiary amines and secondary amines, partially or 
: i; • • completely quatferri polyvinyl pyfidinie a^ 

•• salts of these polycatibn segments. Preferred pdlycation segments also include 




(i) a homppolyrrier of a first alkyleneoxy monomer -OC^H^- or 



(//) a copolymer or block copolymer of said first alkyleneoxy monomer 
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aliphatic, heterocyclic or aromatic ionenes (Rembaum e/ a/. Polymer letters, 1968, 

6;159; Tsutsui, T. j In Development in ionic polymers -2, Wilson A.D. and Prbsser^ 

HJ. (eds.) Applied Science Publishers, London, New York, vol. 2, pp. 167-187, 

1 986). Particularly preferred po ly eationic segments include a plurality of eationic 

5 V: Tepea^ wherein is a straight chain aliphatic group of 

2 to 6 carbon atoms, which may be substituted. Each -N-R°- repeating unit in an 

polycation ; segment can: be the same or: different frdm mo&ei^NAR^: : repeating 

: unit in the segment. • : - * 

: >4 : -The : • polypatibniCvr-segments^ the copolymers ; of the; invention can be: 
10 branched. For example, polyspermine-based copolymers are branched. The 
eationic segment of these copolymers was synthesized by condensation of 1,4- 
dibromobutane and N-(3-aminopropyl)- 1 ,3-propanediamine. This reaction yields 
highly branched polymer products with primary, secondary and tertiary amines. 

An example of branched polycations are products of the condensation 
polyamines; containing at ; least 2 nitrogen '.'atoms and : ^ky| 
] halides containing at least 2 halide atoms (including ; bromide or chloride); \\ In 
particular^ the! branched polycations are produced as a result of polycondensation. 
An ex 

propanediam producing pol^spennirie; 

20 Another example of a branched polycation is polyethyleneimine represented 

by the ifomivila: y 



15 
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1 Additionally, catioriic deridrimers, for %aimpje, pblyaimdS^iii^s ; or 

; ; pblypropy ieneimiries of various generations (/.e.y molecular >veigbt)^(^ 

al, Ang^ Cherriy -Int. Ed. JShgL 1990, 29, 138) can ; be also usdd :is pplyQatioh; 

segments of block copolymers fpr gerie delivery. •.- -Vv:', 

5 

. covalently bound; polymer segments wherein the segments comprise: 1 

(a) at least : one poly cation segment : \vhich is a catibhic homopbly mer or 
copolymer comprising at least three ; catibnic; : amino acids; or at- least -three 
aminoalky 1 ene monomers, the monomers selected from the group consisting of: 



10 



15 



(/) at least one tertiary amino monomer of the formula: 



A. 



-R5 



and the quaternary salts of said tertiary amino monomer, and («) at least one 
secondary ^irip- monomer of formula: • 



R 6 - -NH—-R7- 



and the acid addition and quaternary salts of said secondary amino monomer, 
in which; • 

R l is hydrogen, alkyl of 2 to; 8 carbon atoms, ^ A monomer^ or a B 

■■ • : ' • :; "v' • :• • •■ i6 :* -r . ■ - : :.'■■<■ '• -W--< •••• 



WO 99/06055 PCT/US98/16012 
monomer; each of R an d R , taken independently of the other, is the same or 

different straight or branched chain alkanediyl group of the formula: 

in which z has a value of from 2 to 8; R 4 is hydrogen satisfying one bond of 
; :5 tl^ bonded carbon atom ; arid R^ is; hydrbgen^ilky 1 of 2 to 8 

• : c 

darbbn atoms- an; A ;monomer v or a B monomer; R^ is a straight or branched chain 
alkanediyl group of the formula: 

> : - .- — (cyi^) — 

10 in which z has a value of from 2 to 8; and R 8 is hydrogen, alkyl of 2 to 8 

carbon atoms, an A monomer, or a B monomer; and 

(b) at least one water-soluble nonionic polymer segment. This includes at 
: ; same or 

different repeating units containing at least one atom selected from the group 
15; consisting of oxygen and nitrogen. 

In this embodiment the polycation serves as the binding segment, while the 
nonionic polymer serves as a lypohilizing segment. 

The poly 9^ preferred in this embodiment j: are the Same as 

polycatidris preferred in . the previous embodiments. These preferred polycation 
20 segments include but are riot limited to polylines (c^g. ^ spemirie^ poly spermine; : 
polyethy leneimine, ' polypropyleneimirie, \. v pblybutilene-irriine; 
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pdolyjpentylen copolymers thereby 

tertiary amines and secondary amines, partially : or completely quatemiz^d amines, 

polyvinyl pyridine arid the quaternary an^oniiiiri salts of sai(d polycation 

;:;segmenite. >/• 

5 It is preferred that nonionic polymer segments comprise water-soluble 

polymer segment is at least one water-soluble nonionic polymer segment is a 

monomers selected from the 
group consisting of acrylamide, gycerol, -vinylalcohol, vinylpyrrolidone, 

10 iyinylpyridine, vinylpyridine N-oxide, oxazoline, or a acroylriiorphoiine , arid 
derivatives thereof. iThis includes for example polyacrylaniidesy polygycerols, 
polyvinylalcohols, polyvinylpyrrolidones, polyvinylpyridine : N-oxides, 
copolymers of viriylpyridine N-oxide arid vinylpyridine, polyoxazolines, ■ 
. ipolyabrbylr^ :;NqmpmcXs 

15 products of polymerization of vinyl monomers are also preferred, including but 
not limiting to the following nonionic polymer segments and derivatives thereof: 



m 
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in which m a value of from 3 to about 10,000. 
^ Included within the scope of the invention^ 

polymers and a suitable targeting molecule. Also included within the scope of the 
■:v5 jnyehtion are compositions comprising ■■'■) polymer, a polynucleotide^ and?: a; 
srirfactant. The invention: also -relates- to copolymers Comprising at least one 
polynucleotide segment and at least one/ pdlyether segment; said poly ether 
segment comprising oxyethylene and oxypropylene. 

The present compositions can be used in a variety of treatments. For 
10 example, the compositions can .. be used: in Gene : therapy including gene 
replacement or excision: therapy, and gene - addition: therapy (B; Huber, jGene: 
. therapy ; for neoplastic diseases; BE Huber and JS Lazo Eds., , The New York 
Academy of Sciences; NY, NY, 1994, pp. 6-1 1 ), Also, antisense therapy targets 
: ; genes in the nucleus and/or cytoplasriv of the cell, resulting in their inhibition 
15 (Stein and Cheng, Science 261:1004, 1993; De Mesmaeker et al - Acc. Chem. 
y. i Res. 28:366, 1995).- Aptamer nucleic atid extracellular 
proteiris, peptides and small molecules. See: Ellington and Szbstak, Nature 
(London), 346,81 8, 1 990. Antigen nucleic a:cid compounds can be used to target 
duplex DNA in the nucleus. See Helene arid Biophys. Acta 
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1049:99, 1990. Catalytic polynucleotides target mRNA in the nucleus and/or 
cytoplasm (Cech, Gurr Opp : Struct Biol 2:605, 1992). 

Examples of genes to be replaced, inhibited and/or added include, but are not 
limited to, adenosine deaminase, tumor necrosis factor, cell growth factors, Factor 
: ,5 IX, interferons (such as a-, P- and y- interferon), mterleukins (such mterleukin 2,4, 

herpes simplex virus; type I and II genes ICP27/UL54,: ICP22/US1, ICP/IE175, 
: protein kinase and exonuclease/UL13, protein kinase/US3, ribonuclease reductase 

10 ICP6/UL39, immediate early (IE) niRNA IE3/IE175/ICP4, 1E4/ICP22/US1, 
IE5/ICP47, IEilO, DNA polymerase/UL30, UL13), human multidrug resistance 
genes (such as mdrl), oncogenes (such as H-c-ras, c-myb, c-myb, bcl-2, bcr/abfy 
tumor suppressor gene p53, human MHC genes; (such as class 1 MHC), 
immunoglobulins (such as IgG, IgM, IgE, IgA), hemoglobin a- and P- chains, 

15 enzymes (such : as carbonic anhydrase, triosephoshate isomerase, GTP- 
• cyclhydrdolase I, phenylalanine hydrolase, : sarcosine dehydrogenase, 
;:; glucocerobrosidase, : glucbse-6-phosphate dehydrogenase), dysotrophin; 
fibrbriectin, apoliprptein E, cystic fibrosis transmembrane conductance protein, :c- • 
src protein, V(D)J recombination activating protein, immunogenes, peptide arid 

20 protein antigens ("DNA vaccine';) and the like. 

Genetic diseases can also be : treated by the instant compositions; Siich 
diseases include, but are not limited to) • rheum^ psoriasis, Grolirrts 

disease, ulcerative colitis, a-thaiassemte, p-Miassbmiia, carbonic anhydrsise -ll 
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deficiency syndrome, triosephosphate isomefase deficiency syndrome, 

tetr^y^obiopterindeficieht hyperphenylalaniemia, classical phenylketpniiriia, 

• muscular dystrophy such as Duchenne Muscular ; Dy stropiiyi l^persai^osineniia^ 
adenomatous intestinal polyposis, adenosine deaminase deficient ; maligiiarit 

•5 : j melanoma, gluc6ser6-phpsphste dehydrogenase • idMciency syndrome, 
arteriosclerosis and hypercholesterolemia, Gaucher' s disease, cystic fibrosis, 
I* ••: : Osteopetrosis* ^increased • . spontaneous * . tumors^ • > and :-/-B o :cell immunodeficiency, 
; vhiigh cholesterol* arthritis including chronic ; rheumatoid ; arthriti s, glaucoma, 

• aJdbhpHsrh and the like; ; . 

: 10: The compositions can also be used to treat neoplastic diseases including; but 

hot limited ito^ breast cancer (e.g^ breast, pancreatic, gastric, prostate, colorectal, 
lung, ovarian), lymphomas (such as Hodgkin and non-Hodgkin lymphoma), 
melanoma and malignant melanoma, advanced cancer hemophilia B, renal cell 
: carcinoma gHbl^toma, astrocytoma, gliomas, AML and CML and the like. 

15 Additionally* the compositions can be used to treat ;(/) cardiovascular diseases 

•"•;:;! iteluding but hot limited to stroke, cardiomyopathy associate^ with Duchehhe 
Muscular Dystrophy, myocardial ischemia, restenosis and the like, (») infectious 
.diseases such vas Hepatitis, HIV: infections and AIDS, Herpes, GMV and 
; v associated diseases such as CMV renitis, (m) transplantation related disorders 
26 : such as renal transplant rejection and the like, and (iv) are ; -useiful :iil v&ciiie 
therapies and immunization, including but not limited to melanoma vaccines, HIV 
vaccines, maJaria, tuberculosis, and ^ 
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Target Ceils;; 

Cell targets can be ex vivo and/or in vivo, and include T and B lymphocytes, 
primary CML, tumor infiltrating lymphocytes, tumor cells, leukemic cells (such as 
: ;HPfe60, ML-3j KG-1 tlie like), skm cells: #^ 

5 nervous system including primary neurons, liver cells, carcinoma (such as Bladder 
carcinoma T24^ human colorectal carcinoma Caco-2), melanoma,^ G 

LAN-5 and the U 

; • rv JI538)^ as primary smooth muscle, and the 

10 like. 

Filed "coricurre^^ parent of this applicatiori ^ 8; 1994) 

was Serial No. 08/342,079 entitled "POLYMER LINKED BIOLOGICAL 
AGENTS". The entire disclosure of that application isxi 
reference. 

• ; : 1 5 ; ; V The degree of polymerization . of the : hydrophilic : (A-type) segments or the 
^hydrophobic (B-type) segments of formula? (I) - (XIII) can preferably be between 
about 5 and about 400. More preferably, the degree of polymerization is between 
: : \.:abo^'S and ;about 200, still more preferably, between about 5 and about 80. The 
W fegree of polymerization of the R-type polyciatiohi segments can preffe^ly be 
• 20 : . ■ bjetween about 2 and about 300. More prclerably. the: degree of polymerization is 
between about 5 and about 180, still: more preferably, between about 5 arid about 
; 6Q. The degree of polymerization of the polycationic: polymer can preferably be 
between about 10 and about 10,000. More preferably, the degree of 
> ■ :• 23 
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polymerization ; is; between about 10 and alboiit 1 ,Q00, ; still more i peferably, 

between about 10 and about lOOo 



The repeating units that comprise the segments; for A-type, B-type- arid R- 
type segments, will generally have molecular weight between about 30 and about 
5 500 j preferably between about 30 and about 100, still more preferably between 
about 30 and about 60. Generally, in each of the A-type or B-type segments, at 
least about 80% of the linkages between repeating units are ether linkages; 
: preferably, at least about 90% are ether linkages, mbre preferably, at leastiabbut 
0^ -3x6 ether ; linkages. ^ Ethei; linkages, for the purposes ; of this applicartiori, 
10 encompass glycosidic linkages (i.e., sugar linkages). However, in one aspect, 
• simple ether linkages are preferred.^ 

The polynucleotide component (pN) of formulas (IX) through (XIII) ; will 
preferably comprise from about 5 to about 1 ,000,000 bases, more preferably about 
5 to about 100,000 bases, yet more preferably about 10 to about 10,000 bases 

15 ^ The polycation segments have several positively ionizable groups and a net 
; ; positive charge at physiologic pH. The polyether/polycation polymers of formulas 
(V) - (VIII) can also serve as polycationic polymers; Preferably, the 
: segments Have at least about 3 positive charges at physiologic pH; more 
.preferably, at least about 6, still more preferably, at least about 12. Also preferred 
20 oare polymers or segments that, at physiologic pH, can present positive; cli^ 
•with a distance between the charges of about 2 A to about: 10 A. The distances 
established by ethty leneimine, aminppropy lerie^ aminobutilene, amihopent^lene 
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and aminohehhylene repeating units, or by mixtures of at least two of these groups 

are most preferred; Preferred are polycatioriic segments that utilize ^ 

(NGH 2 CH 2 GH 2 ) 5 : (NGH 2 GH 2 CH 2 CH 2 ), |^GH 2 G and; 

(NCH 2 C 

5 ; ; . Poly cation segments hay ing ah -N -R°- repeating unit are al so preferred ; is 
" preferably an ethylene, propylene,^ 
modified. In a preferred . embodiment, in at least one of the repeating units R° 
includes a DNA intercal^iiig: group -such ; as : an etiiidium bromide group; vSuch: 
^^^(^aiztmg groups can increase the affinity of theipolyme^ 
; : |Q : : Pi^fen-e^ substitutions 6n R Q include alky 1 of 1 -6 ; carbon; atoms, v hydroxy, 
hydroxy alky 1, wherein the alkyl has 1-6 carbon atoms, alkoxy having 1-6 carbon 
atoms, an alky! carbony 1 group having 2-7 carbon atoms, alkoxycarbonyl wherein 
"V; : ;:tlie alkoxy has 1-6 carbon atoms, alkoxycarbonylalkyl wherein the alkoxy and 
alkyl each independently has i -6 carbon atoms; ajfy^^ 
: >15 • alkyl group has 1-6 carbon atoms, aminoalkyl wherein the alkyl group has 1-6 
carbon atoms, alky lamino or dialkylamino where each alkyl group independently 
C;';MJi(^. : -1>6 carbon atpms,--.' mono-: or di-alkylaminoalkyl wherein each:; 'alkyl 
, independently : ::;Kias ; ; 1 -.6 ; - : :carfeon: : atoms* --chlof b,:.chloroalky I .•whereinVtHe'^ikyt has 
from; 1 -6 carbpri; atoms, fluprp, fluord alkyl wherein the alky 1 has from 1-6 ea^oti 
0 atoms* cyano, or cyanp alkyl wherein the alkyl has from 1-6 carbon atoms or a 
carboxyl group. More preferably, R° is ethylene, propylene or butylene 
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Polymers according to the first embodiment of the invention, are exemplified 
by the block: copolymers haying the formulas: : : 



CH 



HO- 



CII 2 CH 2 0- 



3 _ 



CHCH 2 0- 



-CH 2 CH 2 0-f-H 



(XIV) 



CH. 



HQ- 



•CH 2 CH 2 0- 



;chch 2 o- 



(XV) 



CH, 



HO- 



-CHCH 2 0/ 



-GH2GH2' 



CH 3 _ 
Oj j~ CHCH 2 0- 



-H 



(XVI) 
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R 1 il 2 V 

H[O^e^]^[0CHGH]^ 



rr 

^| [GHGHO] .t [CH 2 GH2Q]j H 
; NCHoCHoN : 

/ 2 2 \ : :: 

H[0eH 2 CH 2 ].- [G>CHCH]; • [CHCHO].- [CH 2 CH 2 0]; H 



R> R 2 



R 1 R 2 



;(XVli) 



or, 



R 1 R 2 

H [CHCHO].- [CH 2 CH 2 0]. 



ff 

^[OCH 2 CH 2 ]j- [OCHCHJ.H 



- NCH 2 CH 2 N '. V 
H[CHCHOj.-[CH 2 CH 2 0]. // N [OCH 2 CH 2 ].- [OCHCHJ.H 

RlR 2 : ; Ll 2 



(XVII-a) 



in which x, y, :z, i and j have values from about 5 to about . 400, preferably 
from about 5 to about 200, more preferably from about 5 to about 80, and wherein 
10 for each R 1 , R 2 pair, one is hydrogen and the other is a methyl group. 

Formulas (XIV) through (XVI) are oversimplified in that, in practice, the 
orientation of the isbprOpylene radicals within the B segment will be random 
; :. This random orientation is : indicated in formula (XVII), which is more complete . 
Such poly (oxyethylene)-poly(oxy propylene) compounds have been described by 
|p Santon, Am. Perfumer Ctihhet,, 72(4):54-58 (1 958);:::Schmolka, Loc. of. 82(7):25 
(1967); Schick; Non-ionic Surfactants, pp. 300-371 (Defcker, NY, 1967). A 
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; number of such compounds ^ available i tinder such generic trade 

names as "poloxamers", "pluronics" and "synperonics" Piuronic polymers within 

the B - A -B formula ^^enieferrea to as "r6yersed'^pltirdm * • plurpriic or ; 

•^i^^ioxapol"-; The "polyoxamine" polymer of formula (XVII) is available from 

5 BASF (Wyandotte, MI) under the tradename Tetronic™. The order of the 

; : polyoxy ethylene and polyoxypropylene segments represented in formula (XVII) 

can be reversed, creating Tetronic R™, also available from BASF. See, Schmolka, 

J. Am. Oil Soc> 59:110 (1979). Polyoxypropylene-polyoxyethylene block 

copolymers can also be designed with hydrophilic segments comprising a random 

1 0 : mix of ethylene oxide and propylene oxide repeating units. To maintain the 

hydrophilic character of the segment, ethylene oxide will predominate. Similarly; 

the hydrophobic segment can be a mixture of ethylene oxide and propylene oxide 

repeating units. ; $UQh block copolymers are available fromlBASF uirfer the 

tradename Pluradot™ " . : 

15 The diamine-linked piuronic of formula (XVII) can also be a member of the 

' - ' family of diamine-linked polyoxyethy lene-polyoxypropy leiie polymers of 

; formula: 



GH 2 CH 2 0^ 



CH 2 CH 2 0-— CH 2 GH 2 0 



20 



(XVII-b) 
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wherein the dashed lines represent symmetrical copies of the poly ether 

extending off the second nitrogen, R* is an: alkylehe: bf 2 to 6 : ciarbohs, ; a - 

cycloalkylene of 5 to 8 carbons or phenylene, for R and R , either (a) both are 

hydrogen or (b) one is hydrogen and the other is methyl; for R 3 iahd : ; R 4 either (a) : 

5 both are hydrogen or (b) one is hydrogen and the other is me&yl, iiPt^^y^f^^-;£^o' : 

R 4 are hydrogen, then one R 5 and R 6 is hydrogen and the other is methyl, and if 

. : one of R 3 and R 4 is methyl, then both of R 5 and R 6 are hydrogen. ; 

•'0(THbse of ordinary skill in 'the art will recognize,:- in light of the discussion 
^^;V^:5hereiiii. that ; even iwhen the; practice of the invention is confined for example, to 
: 1 0 :poly(oxyethylene)-poly(oxypropylene) compounds, the above exemplary formulas 
are too confining. Thus, the units making up the first segment need riot consist; 
solely of ethylene oxide. Similarly, not all of the B-type segment need not consist 
•:•:•;(;•::; solely of propylene oxide units, instead, the segments incorporate monomers ; 
:other th^ to 

15 the first embodiment are maintained: Thus, in the simplest of examples, at least 
v one of the inonomers in segment A might be substituted with a side chain group as 

./.•.previously described- • •. 

V- : In ^piher aspect; the invention relates ; ^ to 
f comprising a blbjck copolymer at least one of' f6ifriii(a[s; ) ■ : * - wbe^in^fi&e" = A- : ^ 
20 : ) type and B-type segments are substantially made up of rejpeating units of formula - 
6-R 9 , where R 9 is: 

(1) -(CH^n -CH(R 6 ), wherein n is an integer from 0 to about 5 and R* is 
hydrogen, cycloalkyl having 3-8 carbon atoms, ^kyl having 1-6 iartibn I iatbms, 
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; pihenyU dkylphenyl 'w^eteih the alkyl- has; 1 -6 parbbn atoms, hydroxy, 

hydroxyalkyl, wherein the alkyl has 1-6 carbon atoms, alkoxy having 1-6 carbon 

atoms, an alkyl carbonyl group haying 2-7 carbon atoms, alkpxycarboiay ly wherein 

the alkoxy has 1-6 carbon atoms, alkoxycarbonylalkyl, wherein the alkoxy and 

5 alkyl £acH inde^^ently has 1-6 carbon atoms; a^ 

; • ^kyl group has : 1-6 carbon atoms, aminoalkyi wherein the iky 

• carbon atoms, alkylamine or; di^ylaminpj whera 

>lr6 carbon atoms; mono- or di-alkylaminoalkyl wherein each alkyl independently: 
• i has ;1 -6 carbon atoms, chloro, chloroalkyl wherein tte carbon 
10: - atoms, fliioro, fluoroalkyl wherein the alkyl has from 1-6 carbon atoms, cyano or 
Vcyanp ^kyl ; whereiri ft alkyl has: from; ir6 :carbpn atoms or caAoxjd^ > 
; carbocy clic group haying 3-8 ring carbon atoms, wherein the group can be for 
example; cycloalkyl or aromatic groups; arid which can: include alkyl having 1-6 
carbon atoms, alkoxy having 1-6 carbon atoms, alkylamino having 1-6 carbon 
: :i:i5 :atoms, dialkylamino • wherein -each alkyl independently has 1-6 .carbon atoms, 
amino, sulfony 1, ; hydroxy^ ; carboxy, fluorq or chloro substitutions, or (3) a 
heterocyclic group, having 3r8 ring atoms, which can include heterocycloalkyl or 
: heteroaromatic; groups, which can include frorii 1 -4 heterpatoms selected from the 
group consisting of oxygen, nitrogen, sulfur and mixtures thereto, and which can; 
20 ; ; ihclude^ ^ having 1-6 carbon atoms, alkoxy having : ; H6 carbon atoms, 
; alkylamino having U6 carbon atoms, diaikylaimno wherein ea^ -alkyl 
independently has 1-6 carbon atoms, amino; sulfonyl, hydroxy, carboxy, fluoro or 
chloro substitutions. 
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• Preferably, w is an integer from 1 to 3 . The carbbcyelic or heterocyclic groupis 
comprising R 5 preferably have from 4-7 nng atoms, more preferably 5-6. 
Heterocyclics preferably, include from 1-2 heterbatoms, more preferably, the 
heterocycles have one heteroatom. Preferably, the heterocycle is a carbohydrate 

5 or carbohydrate analog. Those of ordinary skill will recognize that the monomers 
required to make these polymers are synthetically available. ; In some cases; 
polymerization of the monomers will require the use of suitable protective groups^ 

•^^^•wili'be rei&gnized^^ skill in the : ; artj ; - (Gbnerallyj the and 

:: B-type segments are at least about 80% comprised of -C^ 

1 0 ; preferably ^ leiast about 90%, yet moi^ preferably at least 

In another aspect, the . invention relates to. a . polynucleotide complex 
; comprising a block copolymer of one of formulas (I) - (XIII) wherein the A^type 
;and B-type segments consist essentially of repeating units of formula -O-R 5 
wherein R 7 is a C to C alkyl group. 

15 A wide variety of nucleic acid molecules can be t^ 

: pf the composition. These include natural and synthetic DNA or RN A molecules 
and nucleic acid molecules that have been covalently modified (to incorporate 
• groups including lipophilic groups, photon induced crosslinking: groups, alkylating 
groups; prganometallic groups; intercalating groups, lipophilic groups; biotin, 
. 20 : "fluorescent arid radioactive groups, and groups that modify the phosphate 
" backbone), Such nucleic acid molecules can be, ambrig other thi^s^ antisense 
nucleic acid molecules, gerie-encoding DNA (usually including an appropriate 
pronioter sequence), ribozymes, aptamers, antigen nucleic acids, oligonucleotide 
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X-anomers, etKyljphb analogs, dkylphosph^ 

and phosphorddittuonate oligonucleotides, and the like. = In fact, the nucleic acid 
Component can be any nucleic acid that can benefici^Hy be tr^pp 
^: w from • degradative processed or improved; in 

5 ! it? biqdis^to %yhyypyy 

: : Examples p^ to form^ (VIII) include the 

^)61y(ox^ 

. : II 

10 - HO — (CH 2 CH 2 0)i — C — (Lys)j-r 

.-. (xyiii) 

^ about 5 to about 100, and; j is an integer from 

i about 4 to about 100. A second example is the poly (oxyethylene)-poly-(L-- 
15 alanine-L-ly sine) diblock copolymer of formula: 

-.- :--\:y - " ".' r'> : ' V; 6 ••' • • .• : :- • 

^nyW& v : II \ 

HQ (CH 2 CH 2 0)| — C ^ (AlaLys)j — COOH 
(XIX) 

20 y ;\vherein i; is an integer of from about 5 to about 1 00, and j is an integer from 
about 4 about 100. A tluid ex 
? poly(prppyleneimine/butyleneimine) diblock copolymer of the following formula: 

5.6 • :.• ,y ^^(yy-:-' ' . ' 

25 : HO-(CH 2 CH 2 0)j <:-[(NH(CH 2 CH^^ 

wherein i is an integer from about 5 about 200 and j is an integer from 1 to 
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about 10. A fourth example is the poly(oxyethylene)-poly(N-ethyl-4- 

vinylpyridiniiun bromidb) ("pOE-pEVP-Br") of formula: • 



HO^(CH 2 GH 2 0)^-CH 2 GH 




-H 



; * • (XXI) 

wherein i is an integer of from about 5 to about 1 00 and -j is an integer of from 
• 5 : about 10 to about 500^ is the polymer of formula: 

CH 3 0-(CH 2 CH 2 0) l CO[(NH(CH 2 )3) 2 NH(CH 2 ) 4 ] j ,(NH(CH 2 ) 3 ) 2 -NHCO-0- 

' <GH 2 CH 2 0)^CH 3 ): 

'.■.(XXII)-. - . 

wherein i is an integer from about 10 to about 200, j is an integer from about 
; 1 0 1 to about 8j; arid k is an integer from about 10 i to about 200. Still another example 
: is the polymer of fbimula: 

(XXIII) 



15 wherein "G" comprises -(NH(CH 2 ) 3 ) 3 -CH 2 NH 2 -, i and j are as defined for 

formula (XVIII), and m is an integer from about 1 to about 8. 

: The block copolymers utilized in the invention will tyjpically, under certain 
. . •:■ circumstances, form micelles or micelle-like aggregates of from about lOrim to 
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aboiit lOOnm in diameter. Micelles are suprarnolecular complexes of certain 

amphiphilic molecules that form in aqueous solutions due to microphase 

separation of the noripblar portions of the amphiphiles. Micelles form when the 

concentration of the amphiphile reaches, for a given temperature, ; a critical , 

5 miceilar concentration (-'CMC") that is characteristic of the amphiphile. Such, 
^§^i^^V^y!n& generally include from about 10 to about 300 block copolymers.; By , r 
vauyirij? the : sizes of the hydrophilic and hydrophobic portions of th^ ; block 
copolymers, the tendency of the copolymers to form micelles at physiological 
conditions can be veined. The micelles have a dense core fonned by , the water 

10 : insoluble rejieating ^its:6f the B blocks andvch^ge-neirt 

a hydrophilic shell formed by the A segments. The micelles have translation^ and 
rotational freedom in solution, and solutions containing the micelles have low 

' viscosity -similar to water. Micelle formation typically occurs at copolymer 
concentrations from about 0.001 to 5% (w/v). Generally, the concentration of 

15 " Jpdlycatiom acid wi 11 he le% t%tn the cpiiberitration of;;: 

• copolymers iii the polynuciedtide compositions, preferably at least about ; 1 0-fold 
;less,'iridre preferably at least ^ '/•;/;• 

At high concentrations, some of the block copolymers utilized in the 
: invekipn will form gels. These ; gels are viscous systems in which the 
20 translational arid rotational freedom of the copolymer molecules is significantly 
constrained by a continuous network of interactions among copolymer molecules. 
In gels, microsegregation of the B segment repeating units may or may not occur. 
r-C Tp avoid the fonriation . /of gels, ; ppiyiher concentrations (for both block^ 
; • copolymers and polyether/polycatibn polymers) will preferably be below about 
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15% (w/v), more preferably below about 10%, still more preferably below about 

5%. In the first embodiment of the inveritibn, it is more preferred that gels be 

ayoided 

•i : ;: : ;:; : \;:^eri the polynucleotide composition includes cationic components, the 
cations will associate with the phosphate:^ 'gir^s^f?^the ; : polynucleotide; 
neutralizing the charge on the pho^h^ 
po^onient m^ 

cations on R-type polymeric segments or on polycationic polymers. However, the 
phosphate charge e^n also be neutralized by chemical modification or by ; 
association with a hydrophobic cations such as N-[l-(2,3-dioleyloxy)-N,N , -3- 
methylammonium chloride]. In aqueous solution, the charge neutralized 
polynucleotides are believed to participate in the formation of supramolecular, 
mibelle-iike particles; termed "polynucleotide complexes;" The hydrophobic core 
or the complex comprises the charge neutralized polynucleotides and the B-type 
segments. The hydrophilic shell comprises the A-type segments. The size of the 
complex will generally vary from about lOnm: to abo^ 
some contexts, it is practical to isolate the compiex from unincorporated 
components. This can be done,; for instance, by gel filtration chromatography. 

The ratio of the components of the polynucleotide composition is ah 
important factor in optimizing the effective t^ 

polynucleotides in the composition. This ratio can be identified as ratio 0, which; 
is this iatio of positively chkjgedi grbiips to negatively • charged groiips in: : -fSet 
composition at physiological pH; -If i 0 < 1 , the complex contains non-neutralized 
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phosphate from the polynucleotide, the portions of the polynucleotides adjacent 
to the non-neutralized charges are believed to be a part of the shell- 6f a 
polynucleotide complex. Correspondingly, if 0 > 1, the polycatioriic polymer or 
R-type segment will have non-neutralized charges, and the un-neutralized portions 
5 will fold so that they form a part of the shell of the complex. Generally, 0 will 
: - vary •from about 0 (where there are cationic groups) to about 100,iprefe^ 
will range between about 0.01 and about 50, more preferably, between about 0.1 
and about 20; 0 . can be varied to ihcre^e ::^ 
^ ^ and, when the composition comprises polynucleotide complexes, ■ to 

10 increase the stability of the complex. Variations in 0 can also affect 
^^^^ 

will depend on, among other things, (1) the context in which the polynucleotide 
composition is being used, (2) the specific polymers and oligonucleotides being 
; jased, p) of administration. ;i ; 

15 It will in some circumstances be desirable to incorporate in the polynucleotide 

ix of the current invention, by honcovajent : association i or covalerit 

conjugation, targeting molecules. See ibr examp , J. Controlled 

^Releases 22:141 ;(1992), the contents of \^ch are her^ 
: reference. The term "targeting molecule" means any molecule, atom, or ion that 
20 enhances bindings tmnsporti accumulation, residence time, bioavailability prj; 
modifies biological activity of the polynucleotides or the polynucleotide 
compositions of the current inventidn in the body or cell. The targeting molecule 
• • '^mS^^sa^ comprise an antibody, fragment of antibody or chimeric antibody 
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molecule typically With specificity for a certain cell sto 

molecule can also be, for instance, a hormone having a specific interaction wi^ a 

a; drug haying a cell ^ 
glycolipids can serve to target a polysaccharide receptor. The targeting molecules 
: 5 .; i cari also be^ fo mpl^tdai 1 
m^s • ligiands, suih as folic acid and derivatives^ 

. context of the :! The • targeting molecules : ; dan also - be- 

polynucleotide, : polypeptide, peptidoiriimetic, carbohydrates including 
polysaccharides, derivatives thereof of other chemical entities obtained by meajis 
10 of combinatorial chemistry and biology. The targeting molecules can be used to 
facilitate intracellular transport of the polynucleotide compositions of the 
i : invention; for instance transport to the nucleus, by using, for example, fusdgehic 
peptides as targeting molecules described by Soukchareun: et al y Bioconjugdte 
Che^ (1995), caiyotyjiic 

: 15 j peptides, or other biospecific groups providing site-directed transport into a cell 
(in particular, exit from endosomic compartments into cytoplasm, or delivery to-: 
the^n^ 

Included witJiiri the scope of the invention ai^ Compositions^ 
. polynucleotide, block copolymer of the current invention and a suitable targeting 
; 20:^ ; : m of thepol^^r 

• :? : segments of the block copolymers identified herein (or ^p 
thereof), including catidnic arid: nonidnic \pblj^e^ 

^eti^ molecule can ; be; linked to the free-terminal or pendant groups of the 
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nonionic segments; Such targeting molecules can be linked to the terminal or 

pendant -OH end group of the polymer segments, and the terminal or pendant - 

NH 2 group of the polymer segments* or the terminal or pendant -COOH end group 

5 It will in some circumstances be desirable to incorporate targeting molecules 

through ligand-receptor constructs, in which: 

• -(0 the ligand molecule is a chemical entity (e.g.) a molecule, atom, or ion) 
capable of specific binding with the receptor molecule; (//) the receptor molecule 
is a chemical entity : capable of specific binding to the ligand mbtecule; ;or (///) the 
10 ligand molecules, receptor molecules (or both) are incorporated into the block 
-copolymers (or polynucleotide complexes thereof), targeting molecules, or both. 
This is done by noncovaleht association or cbvalent conjugation so that after (/) 
mixing targeting molecules and block copolymers (or polynucleotide complexes 
therepf) with the ligand and receptor molecules attached to them, or ;(//) ;by adding 
• 15 either free ligand or receptor (or both) to the mixture of targeting molecules and 
block copolymers (or polynucleotide complexes thereof),: the: targeting molecule 
becomes attached to the block copolymers (or to the poly nucleotide complexes 
therepf) through ligand-receptor binding. Examples of such constructs include 
constructs using biotin as the ligand and avidin or streptavidin as the receptor. For 
20 example, biotin or a derivative thereof can fee covalently linked to the block 
copolymers (or polynucleotide complexes thereof)/ ^ 

avidin (or streptavidin) can be covalently linked to ' the targeting molecule. 
Alternatively, biotin can be linked to both the block copolymers (or 
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polynucleotide complexes thereof) and targeting molecule, and the latter can be 

linked through avidin, which has four biotin-binding centers. Further, additional 

complex constructs comprising biotin and avidin ban be used for incorporating 

targeting molecules in polynucleotide compositions of the current invention. In 

5 one particular embodiment, the invention provides for the block copolymers (or 

• : polynucleotide complexes; thereof molecules; or : d^iv^iv6s i tKereb 

linked fo; at 

and nonionic polymer segments. Those of ordinary skill in the art will recognize, 
in light of the discussion herein, that even when the practice of the i invention is 
• biptin^idin or W 

similar constructs, there are; numerous ways available providing for the design of 
the ligand-receptor constructs with the desired characteristics pursuant to this 
invehtipri. Such constructs, for example, can comprise ligarids and/or receptors 
that are polynucleotide, polypeptide, peptidomimietiCj carbohydrates including 
15 polysaccharides, derivatives thereof or other chemical entities obtained by means 
-; : of combinatorial chemistry and biology. 

u-hy The to can be associated with the polynucleotide 

compositions of the invention can also have a targeting group having affinity for a 
cellular site arid a hydrophobic group. Such targeting molecules can provide for 
: . 20 the site specific delivery and recognition in the body. The targeting molecule 
spon^epusiy : associates with the polynucleotide complex - and be "anehofed'';: 
thereto through the hydrophobic group. These targeting adducts will typically 
comprise about 1% or less of the polymers in a final composition In the targeting 
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molecule, the hydrophobic group can be, among other things, a lipid group such as 
a fatty acyl group. Altern^ can be ah ionic or hbnionic homoj^ 

copolymer, block copolymer, graft copolymer, dendrimer pr ariother natural or 
synthetic polymer 

5 In the targeting molecule, the hydrophobic group can be,;kmbh^ 

•-•'•: .: a lipid group such ^ a fatty acyl group; Alternately, it can be a block copolymer 

or another natural synthetic polymer. The targeting group of the. targeting 
; molecule: will frequently comprise ah antibody, typically with specificity for a 

certain cell; jsurface antigen. ? It could: also be; for instance, a hormoh^ having a 
10 specific interaction with a cell surface receptor, or a drug having a cell surface 

receptor. For example, glycolipids could serve to target a polysaccharide receptor. 

It should • be noted that the targeting molecule can be attached to any of the 

polymer segments identified herein, including R-type polymeric segments and to ; 

the pojycationic polymers. For instance, the targeting molecule can be covalently 
15 attached to the free-terminal groups of the pbiyether 

copolymer of the invention: : Such targeting molecules can be covalently attached 
; ; : to the -OH endgroiip of the polymers of the formulas XVIII, XIX, XX, and XXI, 

and the -NH 2 end group of the polymers of formulas XVIII (preferably the (S- . 

amino group of the terminal lysyl residue), XX or XXIII, or the -COOH end group 
20 of the polymers of formulas XVIII and XIX. Targeting molecules can be used to 
' Militate intracellul^ transit of the polynucleotide cpmpositibn, for instance 

transport to the nucleus, by using, for example, fusogenic peptides as targeting 

mpleciiles described by Soykchareun et al. y Bioconjugate:Ghem., 6, 43; 1 995 or 

Arar era/., Bioconfugate Chem., 6, 43, 1995, carybtypic peptides, or other 

• ' 40 . ... 
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biosp^cific groups pr<^ 

from endosomic compa^ents into cytoplasm, or delivery to the: riucleiis) :•; . 

The polynucleotide component of the compositions 
any pblynucleotide; but preferably, a pdlyriucleotide with at least about 3 bases, 
5 more f^ferabiy^:^ more preferred aire least 1 0 baSes- 

; Included .among , the suitable polynucleotides are viral genomes and viruses 
(including the lipid or protein viral coat). This includes viral vectors including, 
but not; limited to, retroviruses, adenoviruses, herpes-virus, and Pox-viriises; 
Other suitable; viral vectors for use with the present invention will be obvious to 
10 those skilled in the art. The terms "poly(niicleic acid)" and "polynucleotide'' are 
used interchangeably herein. AniOligonucleotide i is a polynuclebtidei, as are DN A : 
andRNA. 

A polynucleotide derivative is a polynucleotide having one or more: moieties 
(i) wherein the moieties are cleaved, inactivated or otherwise transformed so that 

doles not prevent the derivative from functioning as a polynucleotide. 

For polyethylene oxide-polypropylene oxide copolymers, the 
^ydjraphilic%dipphpbic properties, and micelle fbmiing pro 
copolynjer are, to a certain degree, related to the value of the ratio, [hi The ratio, n, 
20 . is defined as: 

. ' li * (| Bj / 1^1 ) x (b/a) = (| Bl 7 1 Al ) x L32 .. .;• ;y" • 
: wh^ of repeating ^its: iii the hydrophobic and 

^ copolymer, respectively, ahd b and> a .are . -the 

mol^cu^ repeating units. The Value of h: will typically 
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\ be between about 0*2 and about 9.0, mOre j?re^ and abbjk ; 

1 -5. Wherfe mixtures of block copolymers are used, ri will be the weighted average 

of n for each contributing copolymers, with the averaging based on the weight 

portions of the component copolymer 
5 polyethylene oxide-polypropylene oxide copolymers are used, siniilar approaches 

pari be developed to relate the Jhydrophobic/hy drophilic; properties of One intember I 
: of the class of polymers to the properties of ahother member of Ihe class. 

■ ; Surfactant-Containing Polynucleotid e Compositions 

: ; /The invention ^ cationic 
10 copolymer, and a isuitable surfactant The surfactant, should be (/) cationic 
(including: those used in various v transifectipn rcboktails)^; (i/j : lionise (e.^,: 
Pluronic or Tetronic), or (Hi) zwitterionic (including betains and phospholipids). 
These surfactants increase solubility of the complex and increase biological 
• actiyit^ofthe compositions. 

15 ; Cationic surfactants include but are not limited to primary amines, secondary 
amines, tertiary amines (e.g., N,N' j N , -polyoxyethylene(l 0)-N-tallow-l ,3- 
diaminopropane), quaternary amine salts (e.g., dodecyltrimethylammoniuin 
bromide, hexadecyltrimethylammonium bromide, mixed ;alkyirtri^ 
i^rnohium bromide, tetmdecyltnnethylan^^ 

20 chloride^ -b^ benzyldimethyidod^^ 

benzyl-dirhethyihexadecylammonium chloride, benzy ltriniethylammonium 
methoxide, cetyldimethylethylammonium bromide, dimethyldioctadecyl 
ammonium bromide, methylbenzethonium chloride, decamethonium chloride, 
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methyl mixed trialkyl aihmbm chloride, methyl trioctylammbmuiri chloride), 

ethoxy)ethyl]-ben2enemethanamimum chloride (DEBDA), dialkyldimetylamirib- 
nium salts, N-[l -(2 i 3-dioieyloxy)-propyl]-N,N,N r trimethylammom chloride, 
5 1 ,2-diacyl-3-(trimethylammonio)propane (acyl group = dimyristoyl, dipalmitbyl, 
distearoyl, dioleoyl), 1 ,2-diacyl-3:-(dimethylammonio)propane (acyl group = 
dimynstoyl^ dipa^ dioleoyl), 1 ,2^ioleoyl-3-(4'-trimethyl- 

^mmoriio) butahoyl-sn-glycerol, 1 ,2rdioleoyl-3-succinyl-sn^ 
cholesteryl (4 ? - trimethylammonio) butanoate), N-alkyl pyridinium salts (e.g. 

10 ceiylpyridinium bromide and cetylpyridinium chloride), N-alkylpiperidiriium : 
salts, dicationic bolaform electrolytes (C 12 Me 6 ; C ]2 Bu 6 ), dialkylglycetylphospho- 
rylcholine, lysolecithin, L-a dioleoyl phosphatidylethanolamine), cholesterol 
hemisuccinate choline :: ester, lipopolyamines (e.g., 

dioctadecylamidoglycylspermine (DOGS), dipalmitoyl phosphatidylethanol- 

1 5 amidospermine (DPPES), lipopoly-L(or D)-lysine (LPLL, LPDL), poly(L (or D)- 
iysirie conjugated to N-glutaiylphb^ didodecyl : glutariiate 

^ with peiidant amino group (C, 4 pluC n N + ), cationic derivatives of cholesterol (efg;\ 
'I chbl^^ 

20 pxysuccinamidpethylened^ chole^eryl-3^ 
; ; c salt, : chblesteryi-3^ . 

^ylenedimeAylami 3PfN-(^\N'^ 
cholesterol). 
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VN^ include but ; : are . not liniitbd ; to i w-Alkylphenyl 

esters (e.g., Spans™), polyglycol ether surfactants (Tergitol™), 
; pb^ polysorbates, polj^oxyethylated ; glybpl ; 

5 monoethers (e.g., Brij™, polyoxylethylene 9 lauiyl ether, polyoxylethylene 10 : 
ether, polyoxylethylene 10 tridecyl ether), lubrol, copolymers of ethylene oxide 
and propylene oxide (e.g., Pluronic™, Pluronic R™, Tetronic™, Pluradot™), alkyl 
aryl polyether alcohol (Tyloxapol™), perfluoroalkyl polyoxylated amides, N,N- 
bis[3-D-gluconamidopropyl]cholamide, decanoyl-N-methylglucamide, n-decyl a- 

10 D-glucopyranozide, n-decyl P-D-glucopyranozide, n-decyl P-D-maltopyranozide v 
n-dodecyl p-D-glucopyranozide, n-undecyl p-D-glucopyranozide, n-heptyl P-D- 
glucopyranozide, n-heptyl P-D-thibglucop^^ n-hexyl p-D- 

glucopyranozide, n-nonanoyl P-D-glucopyranozide 1 -monooleyl-rac-glycerol, 
nonanoyl-N-methylglucamide, n-dodecyl ct-D-maltoside, n-dodecyl P-D- 

15 mdtoside, N glycol 
monopentyl ether, digitonin, hept^ heptanoy 1-N-methy 1- 

glucamide, octanoyl-N-methylglucamide, n-octyl P-D-glucopyranozide, n-octyl a- 
D-glucopyranozide, n-octyl P-D-thiogalactopyranozide, n-octyl p-D- 
thioglucopyranozide. 

20 Zwitterionic surfactants include but are not limited to betaine 

(R,R 2 R3N + R'C02", where R,R2R3R' are hydrocarbon chains and R, is the longest 
one), sulfobetaine (R 1 R 2 R 3 N + R'S0 3 "), phospholipids (e.g., dialkyl phospha- 
tidylcholine), : 3-[(3-cholamidbpropy0 
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propanesulfonate, 3-[(3-cholamidopropyl)-dim^ 

propanesulfdnate 9: ;N-d^ '. r l$$& 

d^ 

dimethyl-3-ammonio- 1 -propanesulfonate, N-6ctadecyl-N,N-dimethyU3-amnionio- 

5 : / i i^ 

tetr^ecyl-N,N-dimethyl-3-arairionio- 1 -propanesulfonate, V : : ; and dialkyl 
phosphaticiy 1-ethanolamirie: 

> The polynucleotide compositions of the invention can be ^ministered ora^ 
topically, rectally, vaginally, by pulmonary route by use of an aerosol, or. 
1 0; ; • parenteral ly , ; /. ei intramuscularly, subciitaneously , • dntraperitoneallly •:' : or 
: : intravenously. The polynucleotide compositions can be administered alone, or it 
; can be combined with a pharmaceutically-acceptable carrier or excipient 
: according to I standard ; pharmaceutical practice; For the - oral mode ;:bf :- 
administration, the polynucleotide compositions can be used in -the form of tablets; 
15 capsules, lozenges, troches, powders, syrups; elixirs; aqueous solutions and 
: . ; susperaio^ like; In the lease of tablets, carriers A used include: 

lactose, sodium citrate and salts of phosphoric acid. Various disintegrants such as 
starch, and lubricating agents such as magnesium stearate, sodium lauryl sulfate 
• : and talc, are commonly used in tablets. For oral administration in capsule form, 
20 useful diluents- are lactose arid high riidlecul^ When 
aqueous suspensions are required for oral use, the polynucleotide compositions 
can be combined . with emulsifying and suspending agents. If desired, certain 
^ flavoring agents can be added. : For parenteral administration, 

sterile solutions of the conjugate are usually prepared, and the pH of the solutions 



■■■] are suitably ^usl^ buffered. For in^avenous use, the total concbi^ioh of 
siplutes should be controlled to fender, the preparation isotonic: For ocular 
a ; (3ministration, ointments of droppable liquids may be delivered- by otular 
delivery systems known to the art such as applicators or eye droppers. Such 
5 compositions can include mucomimetics such as hyalitfonic ; acid, chondrpitin 
^sulfate, hydroxyprppyl methy lcellulose ; or polyvinyl ^cohol), : pitseiryktives such 
• as; sorbic acid, EDTA or benzylchronium chloride, and the usual quantities of 
■i^lu?nt$ aiid/or carriers. For pulmonary: admin&tration, diluents and/of earners are 
: selected to be appropriate to allow the formation of an aerosol. 

10 The following examples will serve to further typify the nature Of the invention 

but should not be construed as a limitation on the scope thereof, which is defined 
solely by the appended claims. 

E X AMPLE 1 

Transfection Efficiencies - First Embodiment Complex 
1$ ; This experiment sought to introduce plasmid pP-Gal into NIH 3T3 cells, a 
| ! iriouse : mam^ tumor cell line. Plasmid pP^Gal comprises plasmid pUG 1 9 
(available from the Institute of Gene Biology, Russian Academy of Sciences) into 
yrt^ a £ coW P-galactosidase has 

• |>?en ;m ; With: this; plasmicl, the efficiency ^^'^^'^^^^^-^ 

?P Measured by measuring p-galactpsidase activity; lextractaW^ 

The utilized was a triblock copolymer of formula (XIV) wherein x plus 

: ? ^ H y was 39 (hereihaft^ 

ypoty^ A 1 0,fig/ml solution : of 
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lOmg/ml of pluronic A and 45, >tg/ml of pEVP-Br. These amounts were 
• calculated to provide a ratio of pdlycation ^ tci plasmid phosphate 

groups of about 10. The ratio of pluronic A to DNA wa£ about llO 4 ; iMis stocik 
preparation was filter sterilized and a portion was diluted ten fold with serum-free 
5 pulbecco f sMp Eagle's MecUum^ 

Gal was 1 ng/ml. This solution was the "Pluronic A transfecting medium." 

The NIH 3T3 cells were grown in monolayer culture at 37°G under 5% CQ 2 , 
utihzihg; a DMEM medium containing 2 mM glutamiiie and ; 10% fetal calf serum 
.. ("FCS")/ Cells were grown in monolayer culture were scrap 
10 the transaction process by washm 

• . Aliiquots of washed cells that were to be transfbhlied by the method of the 
; invention were suspended at a concentration of 1 0? cells/ml in Pluronic A 
transfecting medium. The suspended cells were incubated for 2 hours at 37°C and 
nmder 5% C0 2 ; The cells were then washed with freshi medium and re-plated. 

15 : ) Aliquots of cells that were to be transfected by calcium phosphate 
:c. precipitation were transfected as recommended by Promega : of Madison, 
^ their manuscript Profection Mammalian Transaction Syst^ 

Technic^ Manual Specifically, pp-Gal was mixed with 0.25M CaCl 2 The 

mixture was mixed with an equal volume of 2x HBS (Hanks Buffer S%:^ail^le^ 
20 from GIBCO, Grand Island, NY) to create a mixture containing 1 ng/mL pP-Gal. 

The opaque mixture was incubated at room temperature for 10 minutes and then 
. : applied to the cells. The suspended ceills Svere incubated: for 2 hoitfs ; at 37 °G and 
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under 5% C0 2 . The cells were then washed with fresh medium and re-plated 

: . The repeated cells wbre ih^ 
10% Fes. Durirlg the iricubatio replaced with jfresh med^ 

16 hours;. After the 48 hour incubation, the cells for each incubation were 
5 collected ; by scrapping, washed with PBS, and resuspended in 100 |il of 0;2 M 
: jris^HiG!^ lysed with several freeze/thaw cycles; ; and ; 

centrifuged at an excess of 6,000 x/g. 50 jil of supernatant was removed from each 
.- lysate tube and mixed with 50 |xl of a solution of 0. 1 ; mM 4-methyl-umbeliiferril- 

10 mixture was incubated for 20 min. at 37°C to allow any 9-galactosidase present to 
act on the substrate. 50.pl of 0.4 M glycine, pH 10.5, w&s added to terminate^ ^ K 
i::(3rgalactosidase reaction; P-galactosidase activity was indicated by the presence of 
jmethylbellifeiron, which can be measured by fluorescence spectroscopy $, cx = 3 65 
nm, X = 450 nm). Thb results were as follows: 



Treatment 


Relative Enzyme Activity ± SEM (n = 4) 


Pluronic A 


320 ±42 


Calcium Phosphate Precipitation 


• 17 * 5 
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E XAM PLE 2 

Transfection Efficiendes - First Embodiment Complex • 
i; Ih these experiments, transfection efficiencies with MDCK cells (derived 
from canine kidney) were examined. Again, pp-Gal Was the indicator 
20 V polynucleotide. The polycation component of /the polynucleotide comprised a 
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copolymer of N-ethyl-4-vinylpyridinium bromide and N-cetyl-4-vmylpyndmium 

bromide, the monomers inco^brated in a molar ratio of 97:3, respectively 
V (Kereihafter "pEVP-cp-i^ 

copolymer of formula (XIV) wherein x + z was 18 and y was 23 (hereinafter 
5 "Pluronic B''). A Pluronic B transfecting: solution: of 1 }ig/ml pp-Gal, 3 jig/nil 

PEVPco-pCVP-Br, and 1% (w/v) Pluronic B was prepared in Example 1 . The 

r^tio of polycatiori basic groups to nucleotide Phosphates was ab The 
>. vyeight ratio of Pluronic B to pp^Gal 

MDCK cells were plated, at 8-1 0 5 cells per plate onto 90 mm plates and 
•10 • incubated overnight : urider serum-containing: growth i.^dmm;v The; : serum 

,:^ 

incubated at 3 7^C, under 5% GO; for 24 Hours, For the cells to be treated with 
■ polynucleotide comp 

; transfecting solution. The cells were incubated; with gentle rocking;: at 37°C, 
1 5 urider 5% GQ 2 In control experiments, cells were transfected with polynucleotide 

; • :C 

solution. The cells were incubated, with gentle rocking, at 37°C, under 5% C0 2 , 
for 2 hours. In control experiments, cells were transfected : using the calcium 
phosphate procedure as described above (except that ; plated ; cells, : riot suspended 
: 20 cells, were transfected)/ ; • 

: After treatment with iPlurphic ; B transfecting solution br : calcium phosphate^ 
Ihe cells were washed 5-6 times: With fresh medium. They were :tllen incubated iri 
• DMEM containing 10% PCS for 48 hburs k 37 6 Cviinder 5% C0 2 . After; the; first 
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16 hours of this incubation, the medium was replaced After the incubation, the 

cells were washed with PBS, released from their plates by trypsinization, and 

again washed with PBSv P-Galactbsidase was measured as described for Example 

• • 1 v -The- results were ias followis: "'- = 



Treatment 


Relative P-galactosidase activity 
±SEM(n = 4) 


^;; : :.;jPluroniC:B : ;; 


910 ±45 


Galcium Phosphate Precipitation 


81 ±17. 



Tr^nsfectiop Ex periments - First Embodiment Complex 

(GHO) cells were examined. The polynucleotic component of the polynucleotic 
10 •; complex was pP-Gal . • The polycation component comprised pEVPBr. The block 
; copolymer :com^ 

equal to 10 and j was equal to 12 (hereinafter "Pluronic C" available from BASF); 

A Pluronic C transfecting solution of 1 jig/ml pP-Gal, 4^ig/ml pEVP-Br, and 1% 
<i (w^) Pluronic G was prepared as^ m The ratio of basic groups to 

15 nucleotide phosphates was 10. The weight ratio of Pluronic C to pP-Gal was 10 3 . 
• The transfection protocol was the same : as that used in Exampile 2. The results 

were as follows: 



Treatment 


Relative p-galact6sida3e 
activity ± SEM (n = 4) 


Pluronic B 


910 ±45 •:, 


Calcium Phosphate Precipitation : ; 


81 ±17 • 
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" ••• -; : • EXAMPLE 4 ; W • 
Bacterial Transformation - Second Embodiment Complex 

In these experiments, transformation efficiencies using the; M strain of 

Bacillus ■ subtilise were examined The polynucleotide component of the 

5 : polynucleotide ; complex - was plasmid pBC 1 6, a plasmid encoding tetracycline 

resistance, A block cbpoiymer according to formula (VI) w^^ 

. jthe ; block copolymer was a poly(oxyethylene)-oly((N-eto^ 

: ::bipmide) of form i was 44< j: w^ 

i second embodiment: polynucleptidie :comipfex:::. was' prepared- : :cc^istent • ' yatti; Ithe^ • 

• 10 transfectipn solutions described : above. The ratio of copolymer; basic groups to 

: .HI^A:pho^phates in the solution was 0;2; Bacteria were suspended in Spizizen 11, 

a transformation media: (see, Spizizen, F:N.A.S., U.S.A. 44:1072 (1958)), arid 

aliquots of cells were incubated in varying concentrations of either polynucleotide 

complex or free pB G 1 6 . The cells were incubated with complex or free DN A for 

; 15 one hour at 37°e. Following the incubation, the ceils were plated onto! agar media 

• containing 1 0 mg/ml tetracycline. The results, measured by the; number of 

tefr^cyclirie-resistant colonies produced under each of the experimental conditions; ; 

were as follows: 



DNA concentration 
(ng/nil) 


Transformation (10° clohes/ng DNA) 




Polynucleotide Complex 


Free Polynucleotide .... : 




300 (±15) 


0 


10 


450 (±22) 


3(±1) 


20 


400 (±26) 




r\5o ,;v- 


. : ; 220 (±17) - 


20 (±5) 
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Protection from Nuclease 
For this example, a complex of plasmid pTZ19 and a diblock copolymer of 
formula (XXI) (poly(oxyethylene)-poly((N -ethy Mvinylpyridinium bromide), 
5 • ; wherein i^w 44 and: j was fonneui £The solution of poiynuciepti^ 

o complex dissolved in PBS contained about 4 jig/ml of plasmid and 20^g/ml of 
diblock copolymer. These amounts resulted in a ratio of base groups in the 
• polycation block to DNA phosphate groups of 5: For control incubations, an 
equivalent amount of free plasmid was dissolved in buffer. PVUII nuclease was 
10 added to solution samples containing free DNA or polynucleotide complex, and 
the amount of undigested, circular plasmid DNA, after various digestion times, 
was determined by electrophoresis in a polyacrylamide gel. See Kabanov er a/., 
Biopolymers, 31:1437-1443 (1991). the results were as follows: : 



Time of Incubation 


Circular DNA (% of initial) 




Complex 


Free DNA 


0 '• 


100 


100 




100: • ' 


20. 


10 


100 


:i;,;,'r--/ : 8 ; -. 


30 


100 


-.. -4 , . . 




100 




; j 180 .•:•■/• 


100 


:0; : • 


■J^/";- 600 v 







is , EXAMPLE 6 ./v. 

OHgQnwleQtide St atbiliza t ion 

For this example* a complex containing; an biigonucledtide complementary to 
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the t^scr^tio^i m 

GGCTGCATTTCTTGCTC) was prepared using the dibldck copolymer of 
fbrinula (XIX) (pb 

8): The* oligonucleotide comply was prepared in PBS: Buffer (pH 7:0); at a 

; 5 S 0 ^?^^^ 11 of 0.75 OD 26( /fxl oligonucleotide; The ratio 6f polyca;ti6n;iiniri6 and 
amino groups to polynucleotide phosphate groups was about 50. The mixture was 
incubated for one hour at room temperature to allow for the formation of the 
••" cdmptex.^ was purifi ed by : gel •: fi ltrati on chromatography ^ 

• Sbphadex G-25 using 0.05 M NaClasthe eluent. The resulting solution ..of 

10 complex ^exhibited a concentration of 0.11 OD 2 6</f*l of oligonucleotide. A 
comparable solution of uncomplex oligonucleotide was prepared. An aliquot of 
murine blood plasma (10 |xl) was mixed with an equal volume of oligonucleotide: 
•complex solution or a solution of free oligonucleotide. Samples were incubated at 
37°C for various time periods. To stop the reaction of the oligonucleotides with 

15 enzymes in; the plasma^ the samples were diluted with water and extracted with a 
water-saturated mixture of phenol : chloroform (1:1). The aqueous phase of the 
extraction was isolated, and the oligonucleotide therein was precipitated yvith 3% 
lithium Perchilorate. The precipitate was washed with acetone, and then dissolved 
in 100 fil of water :; The presence of undergraded oligonucleotide was determined 

20 by high performance- liquid chromatography using 

(4x90mm, : Gilson, France) and a gradient of acetonitrile in 0 05 M 
triethylai^pniumacetate (pH 7.0) as the eluent. The results were follows: 
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Time of 
: Incubation 


Undergraded oligonucleotide (%) 




iGOr^lex 


Free Oligo 


0 


100 


100 


3 hours 


; . 88 


28 


6 hours 


70 


17 9 


■ 24 hours 


36 


0 



;• . . ' EXAMPLE 7 
: Oligonucleotide Stabilization 

5 This example examined the stability of the oligonucleotide described in 

Example 6, when complexed with a diblock copolymer of formula (XX) 
(polyoxyethylene-polypropyleneimine/butyleneimine, wherein i is 44 and j is 4-8) 
was examined. The same methodologies that were applied in Example 6 were 
applied for this example, except that the oligonucleotide concentration was about 

10 0. 1 3 OD 26 oVl. The results were as follows: 



Time of 
Incubation 


Undergraded oligonucleotide (%) 




Complex r 


Free Oligo 


0 


100 


100 




70 


■ : : - ; 28 


6 hours 


57 


= 17 


24 hours 




0 
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Antisense Cell Incorporation Efficiencies ; 
This: experiment examined i the effectiveness of "ta^ 
molecule . comprising ^ 17-chaiii : oligonucleotide ; of sequence 
5 GeTTCAAGATCCATGCC complementary to positions 422-438 of the imRNA 
encoding the MDR1 gene product, in reversing multi-drug resistance : in SKVLB 
: • celisi SKVLB cells are multi-dru 

• cell line. The MDR1 gene has been identified as responsible for the multi-drug 
resistance: :in: : .SKYLB:->cells.- \ Eiidfcdtt md)bingy : Ann.{. -Rev:^iofcheni^ 58:1 37- 

•10 ; (1 989). : In ; partibular v the efficiency of the anti-MDR : oligonucleotide i in the 
polynucleotide complex of the invention and when in the free state was compared: 
As controls, the free and completed fo^ the anti-tat oHgonucjeptide described 
above were also used. The polynucleotide complexes ; were formed with the 
diblock copolymer of .- formula : (XX) (polyoxyethylerie- 

15 polypropylerieimine/butyleneimine, where i was 44^^ a The; 
Complexes were ;; prepared by the procedures described . in ; Example 6. The: 
oligonucleotide concentration in the complex or in the free state was 0.17 
p0 2 6()/^l. The copolymer was present in the concentration sufficient to define a 
ratio of polycation segment imino and amino groups to ol igonucleotide phosphate 

2ip groups of 10. 

The SKYLB cells were incubated for 3 days at;;37°C undet 5% C0 2 in the 
presence of free or complex based 
on ; oligonucleotide content). Freish media including free or completed 
; ; oligonucleotide was added eveiy 12 hoursi v i _• 
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The daunomycin cytotoxicity (IC 50 ) with respect to the cells treated as 

•/: > 'deiscribedvabbvev^ : meaisurea using the: method^ 

48:589-601. The results were as follows: 



Treatment of Cells 


Daunomycin IC 50 (ng/ml) (n = 4) 


Control (untreated cells) 




M-ME)^ Complex : ; 




Anti-tal Complex 




FreeAnti^MDR 


2.1 


/Free Ariti-tat • 


7.9 



Aritisense Oligonucleotide Designed to Inhibit Herpes Virus 
This - experiment utilized a 1 2-chain oligonucleotide, which had been 
) CQy^ently modified at i substituent arid at is 3* end 

I with a acridine - group, was used. This oligonucleotide modification ha^ 
10 described by Cho-Chung et. aL, Biochemistry Int., 25:767-773 (1991). The 
pligonu^ complementary to the 

: ; splicing si^^ Virus 1 ("HSV-1"). As a control, 

an equiyalently modified sequence (AGCAAAAGCAGG) complementary to the 
i ^ A produced by influenza virus was utilized. The oligonucleotides were applied 
15 to HS^V- 1 infected cells in either the complexed or the free state. When a complex 
; : V r Was' utilize^ the complex was fonned with the dibldck copolymer of formula 
(XIX) (pdlyoxyethylene-poly(L-alanine-L-lysine), wherein i was equal to 44 arid j 
was equal to 8). Oligonucleotide complexes were formed as described in Example 
6. , , • , .' ; : . ' :'. : • • • . ; > . , ... '{ .. .... v . . ;X/ / : ^ :• < " 
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African mannoset kidney cells ("Vero" cells) were infected with HSV-l virus 
: (sirak L2 5 bbtmned; fro 0 f 
Virol , Russian Federation), as described by Vinogradov et al , BBRC , 203 959 
; (1994). The infected icells were washed with PBS. After washing, fresh RPMI-L 
5 640 media containing: 1 0% of fetal calf seriim arid free of complex p 

was added to the cell. The cells were then incubated at 37°C under 5% C0 2 for 24 
hours. The HSV-l infectivity of the of the cell media was then determined using 
: ; ttie patch 

Ed., IRL Press, Washington, DC, 1985. The results, utilizing varying 
10 concentrations of oligonucleotide, were as follows: 



Oligo Cone. 
Treatment 


HSV-l Infectious Titre (CPE 50 /ml) (n=7) 




0.2 nM : 


1,0 nM 


5.0 fiM 




Control (untreated 
infected cells) 


1.0 (±0,5) x 10° 


1.0 (±0.5) x 10° 


1.0 (±0.5) x 10° 


Auti4HSV complex 


l:4(±0.2)x 10 z 


0.5 (±0.3) x 10 z 


•©/^; : ::;rf^: : .^; : v-:;{ 


Anti-influenza 
complex ^ ; r : 


1.0 (±0.6) x 10° 


0.7 (±0.1) x 10° 


0.8 (±0.2) x 10° 


Free Anti-HSV 


0.9 (±0.4) x 10 J 


2.3 (±0 7) x W 


1.6 (±0.4) x W 


Free Anti- 
Itiflueniza ; 


11 (±0.4) x 10° 


0.9 (±0.2) x 10° 


0: 6 (± 0.3) x 10° 



Amisense Oligonucleotide Designed to Inhibit Herpes Virus 
Unless otherwise noted, this example utilized the is 
15 ; utilized in Example : 9. The cells utilized . were BHK cells, a Chinese hamster 
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^■V■ kidney cell line. When ^ 

complex was formed with the diblock copolymer of formula (XVII) 

(poly^0^lene^^^4ys^, wherein i was 44 : and j 

procedure described in Example 6. The concentration of the stock solution of 

* co ^^ was 0;09; pD 26 (/(iL The ratio of polycaiion segment ittiind ^^iiid 

groups to oligonucleotide phosphates was 10. The oligonucleotides, in complexed 

or free form, were applied to the cells at a concentration of 3 6 pM The results 



Treatment of cells 


HSV-1 infectioustitre (CPE 50 /ml) n = 7 


Control (untreated infected cells) 


: 10(±3)xlO J 


AhtipSV complex 


8(±6) 


Anti-influenza complex 


;13(±4)xl0 J ; 


Free Anti-HSV 


50(±14)xl0' 


Free Anti-influenza 


• : ' 9(±2)xlO J :• 



°-V;U:-^ . EXAMPLE 1 1 

In Vivo Inhibition ofHSV 

; Polynucleotide complexes between the block copolymer of formula (XVII) 
(polyoxyethylene-poly-L-lysine, wherein i was 44 and j was 30) and the Anti- 
fl^V ai^ Anii-Influenza oligonucleotides were formed using the methods outlined 
5 in pxample 9; The concentration of the stock solutions of complexes was 0:9 
OD 26(/^l- The ratio of polycatipn segment imino and amino groups to 
bHgonucleotide phosphates was 10. 

Inbred white mice (body weight: 6 to 7 g) were infected with HSV-1 (strain 
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CI from Belorussian Res Inst of Epidemiol & Microbiol , Minsk) by 
intraperitoneal injection of 30 jil of a virus suspension (titre: 1 0" 7 LD 5 o/ml). 



: : Either Ar^ A^^Sy;^^^! 
Anti-Influeiiza were injected ( 1 0 jxl) into, the tail vein of a giveri mdiise at each 6f 
5 2, 12, 24, 48 or 72 hours post-infection The results were as follows; 





Survived animals/Amount of Animals in a 
■:;y ■ group . . 




Treatment of mice 


Exp. 1 


Exp. 2 


: Exp. 3 


% : 

Survival 


Control (infected 
: mice) : : 


1/9 


1/1 




13.7 


••Ariti-HSV- complex 




6/10 


:7/10 


73.0 


Anti-influenza 
complex 


; :: ';;;:,;-:2/10 


9/10 :: 


vt-pmop:::-- 


10.0 


Free Anti-HSV 


: 1/10 


i/io r: 


0/10 : 


7.0 


Free Anti- 
influenza 


yo/?>y;;. ; 


: 1/10 . 


:!:;\*,;-p/i»: : ;y;-; 




7.0 ; 



EXA MPLE 12 
Plasma Life of Polynucleotide Complex 

A 32 P-labelled 17-mer (GGCTCCATTTCTTGCTC) complementary to the 

10 • I ; transcription initiation site of the HIV- 1 : tat gbne v/as utilized in this example.; The 

oligonucleotide was modified atyits 5'-end wit^ 

Boutorin et crt, Bioconjugate Chemistry, 2: 350-356 (1990): A polynucleotide 
conjugate of the oligonucleotide was: formed, with the block copolymer of formula 
J ; 0OC) poly6xyethylene-p61y(pro wherein i was 44 arid 
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j was 9 to 10). The concentration of the stock solution (dissolved in PBS) of 

complex was 0.18 : OD2 6 o/^l. The ratio of poly cation segment imino and amino 

groups to pligpnucleotide phosphates w^ 50, ■ • 

Male C57/B1/6 mice (weight: 20-24 g; obtained from the Russian Research 

5 Center of Molecular: Diagnostics and Therapy, Moscow) received 50 ^tl 

intravenous injections of Anti-HIV conjugate or free Anti-HIV, at 0.18 OD 260 /^1 

dis;soly?d in ; PBS; At defined times ;after^ 

from the: tail vein and the animals were sacrificed. The amount of radioactive 
material in blood or tissue sample was determined by liquid scintillation counting 



10 : : , (^ 



Time after 
injection 
(min) ; : ? 


Plasma levels (% of injected 
dose) 


Liver levels 

(% ' .-/'■of 
injected 


Liver levels (% of 
injected dose) 




Anti-HIV 
Conjugate 


Free 
Anti-HIV 


Prep. A 


Prep. B 


::0 :: - 


vioo 


100 




: 0 






,-■ 58 : 


. :-3;;L : ;:v.;, : ;; 


7 






: : 40 


: 5 


19 


15 ; :>:;..; : ,:; 


84 




; : ^ 7 






79 


:,-,i27 V:- 


9 


30 




75, 


; 20 


10 


35 



EXAMPLE 13 
Cationic Block Copolymer Synthesis 

1 ,4-dibromobutane (54 g WI) 

15 ; w^ added to a ; solution of N-(3-am^ 

inrnoies,, from Aldrich Co.) dissolved in 100 ml of 1 ,4-dioxarie; This reaction 

mixture was stirred at 20°C for 16 h. The product of this reaction spontaneously 

precipitates from solution as the hydrobromide salt This precipitated first 
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intermediate was collected and twice dried by rota-evaporation from a solution of 

10% trie&y laimiiie in methanol • This evaporation to 

remove substantial amounts of the bromide salt. The first intermediate was 

dissolved in 50 ml of 1,4-dioxane and reacted with 2 7 g (12 5 mmoles) of 1,4- 

5 ^ibromobutane. Again, the reaction proceeded for 1 6 h at 20°G, and the resulting 

second intermediate was recovered arid dried as above. 

•The second inteim acid to a pH of 7-i8 arid 

: j^rified by ge , using ah ; aqueous e luent . Three rhaj of 

pb lymine fractions were obtained, haying apparent moleculaf weights; of 1060, 
10 700. and 500, respectively. 

Poly(oxyethyleneglycol) (1.5g, M.W. 1500, from Fluka) was dissolved in 8 
;ml of i#-;dioxane and reacted with 0.1 7 g (1 mmole) of N,N-carbpnylimida2oie 
(Aldriclv Go;) at 20°C for 3 h. The reaction mixture was divided into two parts. 
Each part was mixed with 4 ml of a 10% (w/v) solution of either the 1 060 or 700 
15 MW: polyimine fraction, which solution further contained 0.01: N NaOH. The 
mixture was stirred for 16 h at 20°C. From this mixture, block copolymers of 
formula(XX) and various M W ranges were isolated by gel filtration: ; 

EXAMPLE 14 • ^ 
Cationic Block Copolymer Synthesis 

. 20 0.5 g of a succinimidyl carbonate of inethoxy-TO 

(MW 5000, Shearwater Polymers, Inc., USA) was dissolved in 1,4-dioxane. This 

dioxane solution was added to an aqueous solution containing 0.2 g of the 1060 

K4W polyimine polymer described above, which aqueous sbiuti on: further included 
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04l N NaOH; This reaction mixture was stirred at 20?£ for 16 h. A polymer 
of formula (XXII) was isolated from the reaction by gel filtration 



. EXAMPLE 15 .: . 
5 : Catibnic Block Gopdlvmer SvntKesis:^^;^^ ■ : 

L5 g of pply(oxyethyl^ 

v :i;4^dipx^ 

added to the solution and reacted for 3 h at 20°C; 8 ml of an aqueoUs; sblutibn 

containing 0:01 N NaOH and 15% (w/v) of the 500 MW polyiinine polymer 

l b described above in Example 13 was then: added to the; fi 

resulting mixture was reacted for 16 h. at 20 6 C; with stirring. A: polymer of 

; formula (XXIII) was: isolated from the second; reaction mixture by gel filtration; 

; • ; •: ; > .\ EXAMPLE 16 • • 

) Comiugate Sypthegi? with Oligonucleotide ; 

15 A 12-mer oligonucleotide, S'-CGTTCCTCCTGU ("Oligo A") complimentary 

to the splicing site (positions 983^994 on the viral genome) of the early mRNA of 
. type 1 Herpes Simplex Virus ("HSV-1"), was synthesized using a 380B-02 DNA- 
synthesizer (Applied Biosystems, GA); The synthesizer used phosporamidite 
chemistry and an 8 min. synthesis cycles Cycle conditions and preparation of the 

20 crude product were • done as recommended by Applied Biosystems; The crude 
Oligo A obtained from the synthesis was precipitated from ai 1 M LiCl solution 
(0.5 ml) /Ayiffi"-a^tpne'(2ml) v " The precipitate -w 

acetate buffer and purified by reverse-phase high performance liquid 
chromatography on a Silasorb CI 8 column (9X250 mm, Gilson, France) 
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developed with an acetonitrile gradient in a 20 mM TEAA buffer (p H 8.5) 

The 3!-terminal of the purified Oligo A was oxidized with periddate to create 

: an aldehyde arid conjugated by reductive alky latiori with a i hexariiethylehe-: 

diamine linker, creating an amine derivative See Che-Chung et al t Biochem 

5 • /«/ewa/.,; 25:767 (1991); Virib^dovW 

a block copolymer of formula (XIV)(x=25, y+38, z=25) was similarly oxidized to 

create terminal aldehydes. The amine derivative (1 mg) was dissolved in 100 \x\ 

• • of 0.1M borate buffer (pH 9;(j) and mixed with 2 mg of the Pluronic A derivative. 

1 .5 mg 6f sodium cyanbborohydride was added tb the ihiixtiire to;<redtice : the 

10 SchifFs bases formed between the amine and aldehyde groups. This reaction was 

allowed to proceed for 12 hours at 4°C: ]] The polymeric product of this reaction 

was isolated iby gel filtration chromatography on Sephadex LH-20, utilizing 90% 

aqueous isopropanol as the eluent. The conjugate so obtained is referred to 

hereinafter as "Oligo A Conjugate." 

15 EX A M PL E 17 

• The Effect of Qlieo A Conjugate on Virus Production 

; Oligo A A Conjugate were separately dissolved in RPMI 1640 

medium (ICN Bipmedicals Ihc;, Costa Mesa* CA) to a; final concentration of 0.2 

v mM ;(based on - oligonucleotide absorbance). These stock solutions were then 

20 filtered through 0.22 ^m filters to remove any possible bacterial or . fungal 

contamination. 

. Monolayers of were incubated for I 

RPMI •: 1640 together with various concentrations; of Oligo A .: or Oligo % A 
Conjugate. The monolayers, while still exposed to. oligonucleotides, were then 
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infected with I plaque forming unit per cultured cell of HSV-1, strain L2 (from 
the Museum of yifus S iyajioysJkii Institute of Virplo^Ru^ian 

Academy of Sciences, Russian Eederatiop): This infection method has been 

; : 5 to virus and oligonucleotides; the mediimii:&n.-thd cells was replaced Ayith fresh 
.medium containing :! 0% FCS. Medium from the cells was collected at 22 ^ 
hours after the ineffective incubation, and the: virus titer in the collected medium 
was determined as described in Virology, A Practical Approach, Mahy, Ed., IRL 
Press, Oxford Univ, Press, Washington, DC, 1 985. The results were as follows: 



10 



Sample;: : :<;|^:: :: ^| 
concentration 
(mM) - 


Oligonucleotide 
concentration 

(BM) ; 


Infectious Titer of HS V- 1 (PFU/mn 






22 hours past 
infection 


39 hours past 
infection 


Control (cells 
without 

oligonucleotides) 




5x10° 


1x10' 


OligoA 


^ : VOX 


.3x10° 


5x10° 




.';5 . ; / 


5x10° 


1x10' 




: V :2 


: >5xip°}. 


;.; : ;:^:V..ix-l0'- i: :.', 






: ; " :;5xl0° 


1x10' 


Oligo A 
Conjugate 




••'■.;v. ; :o 


0 














lxl0 J 


;>/ 7xlO J 




■ 1 


5x10" 


3x10° -: : 
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; i ; : Syhtfegis of frTho^Konafe Monomer 
4Q mmoles ;:Of^ dissolved in 50 nil of anhydrous 

pyridine (Aldrich): were reacted wth 2^ 
5 (Sigma) for 1.5 hours at 20°C. The reaction was monitored using thin layer 
chromatography on :the silicagel plates (Merck) developed with a 
v <; ; ; chlorofo TheiRf of theiprbductiwas 0 

was added to 200 nil of an 8% aqueous solution of the sodium bicarbonate -and the 
: product extracted with chloroform. The chloroform extract was evaporated in 
10 ^ oily first intermediate was used in the ! next sta^e of the; 

synthesis.. 

12 mmoles of first intermediate were dissolved in 30 ml of anhydrous 1,4- 
; dioxane, containing 3:14 ml (18 mmoles) of diisopropylethylamine- (Aldrich). 18 
mmoles of salicylchlorophosphite (Sigma) dissolved in 10 ml of ahydrous 1,4- 
15 dioxstne were added to the diisopropyethylamine solution in small portions under 
; : an inert, argon atmosphere. The reaction mixture was incubated during 1 hour at 
; 20^C. The reaction was monitored by the thin lay er/chroni^ 

above. The Rf of the product was 0.05. 10 mis of water were added to the 
reaction mixture : After 30 min., the solvent was evaporated. The product wias 
20 dissolved in 1 00 ml of chloroform and the solution obtained was washed stepwise 
with (1) 100 ml of 8% aqueous solution Of the sodium bicarbonate, (2) 100 ml of 
0.2 M triethyammohiumac^late s 

organic solvent was evaporated and the oily remainder, con^ning the 
phosphonate monomer was purified by chromatography on silicagel eoluhin, 
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using stepwise -gradient of (1) chloroform, (2) 3% methanol in chloroform and (3) 

6% methanol in chlorofoiro . The yield of i the monomer was 4:1 ^^iZ.S^ffimd^ 

63%). The product, having structure:. 

(DMT)OCH 2 CH 2 CHCH 3 

;:■ ■ • '. ., . :;. : - : ^ ■. . . : = .'■ o " > : ■ : : 

H^P=0 ' 

HN + (C 2 H 5 )3 

• 5 • : wherein DMT represents a dimethoxytrityl group, can be termed 
-Phqisphonate-M • - ' 

EXAMPLE 19 

Synthesis of Polycation BPP . 
A . 0.05 M> sol^^^ Mbnbiher: A: in : anhydrous 

;10 ; pyridirie:acetdnitnle;^ was; placed iri the position 6 of the DNA- 

; synthesator : (mod^ ;i 3iQ-BQ2, Applied Biosystems 5 CA). A ; 2% solution of 
adamantdilchloride (Sigma) in the mixture acetonitrileipyridine (95:5) was used as 
; ; : a condensing agent. The synthesis was conducted using the prograrii modified for 

1 5 Analogues: A Practical ^Approach, Eckstein Ed; IRL Press, Oxford; New York- 
: Tokyo, p; 185, 1991) and the DMT-group was preserved after the synthesis was 
complete. Adenosine (4 jxmoles) immobilized on a standard CPG-5 00 solid 
support ^vas used as a first • unit during the polymer synthesis: (^nogxad^iet al 
■ BBRC, 203, 959 (1 994). The synthesizer yvas programmed to / add Phosphonate;: 
.20 ; Mbiipmer A repeating units to the adenosine monomer: Folio wing all : synthesis 
; steps; the H-ptic^photiate groups on the immobili z:ed substrate were oxidized with 



WQ 99/06055 PCT/US98/16012 
the solution of 104 mg of hexamethylenediamine (Sigma) in 0.6 ml of a mixture 

of anhydrous pyridine.GCl 4 (5:1) applied for 15 mih. at 20°©, then the carrier was 

washed with the pyridine:acetonitrile mixture (1 :1). 

Deblocking ;>. land : cap ; removal : wis ; j achieved • : by ar^dnoiysis 
5^ i (Oligonucleotides and Analogues. A Practical Approach, Eckstein Ed. TRL Press, 
Oxford, New York-Tokyo, 1991). The product was purified by HPLC using 
Silasorb C„ column (9X250 mm. Gilson, France) in the acetonitrile gradient (0- 
80%). The peak, containing dimethoxytritylated-product; ; w the 
• solvent was evaporated and the remainder was treated with 80% acetic acid (20 
10 ; min). The acetic acid was evaporated and the polycation was purified again by 
of the 1 5rmer (counted in terms of Phosphonate Monomer A) is 
•50% (2.2 jamoles). This created a polymer according to formula A. The polymer; 
; : ; : is termed hereinafter "BOP." 

. EXAMPLE 2 0 

•15 : : : ; Solid Phase Synthesis of the Diblock Cop olymer Pdlyoxyethvlene-BDP 

Dimethoxytrityl-polyethyleneoxide-H-phosphonate . was synthesized as 
; • ; described! in Example 18 using polyethy leneglycol (1500 M.W. from Fluka); : 
instead of butanediol-1 ,3. The BDP polycation was synthesized as described in 
; , Example: 1 9i except that* • at the last stage of the ; chain growth, dimethoxytrity 1- 
20 polyethyleneoxide-H-phosphonate was introduced as the last building block. The 
; Wb<± copolymer w^ as : described in 

: : Example : 1:9 •:.'-.• using tetramethyieriediamine :: (Sigma) ^ instead of 
: . hexamethylenadiamine, resulting in the formation of phosphonamide bonds 
between the diamines and the backbone phosphates. 
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EXAMP L E 21 

SoU 

A diblock copolymer comprising 12-mer oligonucleotide, 5- 
;:GG^^ : complementary to the splicinjg site- qfi^^^axly; 

5 mRNA of type 1 Herpes Simplex Virus (HSV-1), Vinogradov et al ■ BBRC, 203, 
959 (1994)) and the BDP polymer was synthesized in DNA synthesator. First the 
BDP polymer v\vas synthesized as described in Example 19, except that it was hot 
removed from the support. Then the oligonucleotide chain was synthesized step- 
wise onto BDP polycationic polymer linked to the solid state support using the 
10 ^standard pho^Koro^iditei chemist^ as described by : Vinogradov et al BBRC, 
203, 959 (1994). The H-phosphonate groups of the diblock copolymer were 
oxidized as described in Example 1 9 using tetamethylenediamine (Sigma) instead 
of hexamethy lenediamine. 

EXAMPLE 22 

)5 Effect Of OliPQn ucleotide-BDP Diblock Copolymer on Viral Growth 

; : The experiment was performed exactly as described in Example 17 except 
that (1) the oligonucleotide-BDP copolymer of Example 21 was used and (2) a 
single concentration of oligonucleotide-BDP copolymer (conjugate) was used 
(4,4M). 



Sample 


Virus titre after 39 hours 


Control (without oligonucleotide) 


500x 10" 


Npnmodified Oligo A ; 


500x 10" 


Diblock-;: 


5x10" 



20 
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Synthesis of Branched Polvimine Polycatinn 

A, The polyimine polycation ("polyspermia") was obtained by stepwise 
polycondensation of N-(3-aminopropyl)-l ,3-propanediamine and 1,4- 

5 dibromobutane as described in Example 13 and used without conjugating to 
poly(ethylene glycol). 

B. The polyimine polycation synthesized in A was modified by dansyl 
chloride to obtain a fluorescent dansyl-labeled substance, purified by thin layer 

| chromatography and a major component of the mixture (over 75% in riidst 
10 batches) was analyzed by electrospray mass-spectrometry in positive charge 
mode. The results were compared with mass-spectra obtained for the N-(3- 

dansyl chloride. Dansyl-labeled 
N-(3-aminopropyl)-l,3-propanediamine gave a four-modal peak at M+l, M+2, 
M+3 and M+4 (667.6, 668.5, 669.6 and 670.5). In the spectrum of the 
15 poly condensation products there were observed two types of poly modal peaks : M 
and M+54. For M-peaks two distinct groups were observed, with M/2H+ and 
M/H+, equal to 598.5 and 1195.6 respectively. This molecular mass was yep 
close to a linear polycation with 12 nitrogen atoms (1221). M+54 peaks at 1249.8 
and 652.5 correspond to a polycation with CH 2 CH 2 CH 2 CH 2 cross-links. 
20 C. 1H-NMR spectra were obtained for the samples of the polyimine 

polycation synthesized in A and dissolved in DMSO. Three groups of signals were 
observed at 1.40-1.80 ppm (Ha), 1 .80-2.20 ppm (Hb) and 2.35-2.80 ppm (He) . Ha 
relate^ plated: to ;G 

related to rrNHGH 2 : and protons. Integration of resonance; signals ?fpfethie^"tfire^ 
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^ groups gave ; a 

linear polycations with 12 nitrogen atoms is 1.00:1.33:3.67. Increase in Hb:Ha 
and Hc:Ha ratios suggested- /presence of branched structures with a mixture of 

. .. • pnmary,\s^nd2^:'and tertia^Vamm 

5 D. The concentration of primary amino groups in the polyimine polycatiori 

synthesized in A was determined by fluorescamine method as described by 
Weigelc e/ al, J. Amer Chem. Soc. , 1 972, 94:5927. The total amount of primary, 
: secondary, and tertiaty amino groups in the polycondensation product was 
determined using potentiometric titration. The ratio of the total amount of 

10 primary , secondary; and tertiary amino groups to the amount primary amino ; 
groups equals 2.7. Given the molecular masses of the condensation product 
determined using mass-spectrometry the result of this experiment suggests 
considerable branching, /. e. the presence of tertiary amines. 

EXAM P LE 24 

15 Synthesis o f Linear Polyimine Polycation 

i Liiie^ 

diaminoalkyl and bis-aldehyde in the presence of sodium cyanoborohydride using 
a modified reductive animation procedure described by Aziz et ai, J, Pharmac. 
Exper. Therapeutics, 1995, 274:181. 0.33g of malpnaldehyde bis(dimethyl acetal) 
20 was added in 10 ml of 0.5 N HC1 and stirred for 1 h at 20°C to obtain free bis- 
aldehyde. 1.27g of N,N'-bis[3-aminopropyl]~l,4-butanediamine was added to 
this solution and pH was adjusted to 5.0. The mixture was allowed to stay for lh 
at 37 C, then 1.27g of N,N ' -bi s[3 -aminopropy 1] - 1 ,4-butanediiamine Was added to 
it and : pH was adjusted to 7.0: using sodium carbonate solution- ; The reaction 
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' mixture was treated with 0.26g of sodium cyarioborohydride and left for additional 
lxh at 37 C T . The final slightly yellow solution was desalted by gel permeation 
chromatography on the Sephadex G-25 column in 10% methanol and first high- 

primary amino groups in ninhydrine test 
5 were freeze-dried. This yields 0.43g of the following polyimine polycation: 

H[NH(CH 2 ) 3 NH(CH 2 ) 4 NH(CH 2 ) 3 ] X NH 2 

E XAMPLE 25 : y : 
; : Synthesis of Catiohic Block Copolymer 

1.5g of poly(ethylene glycol), methyl ester, mw. 5000 Mw. (Sigma) was 

10 activated by 0.25 g of 1,1 '-carbbnyldiimidazole in 1 0 ml of anhydrous acetonitrile 

for 3 hrs at room temperature. The solvent was evaporated in vacuo, the residue 

redissolved (dialy^d through Membra^fc^ 

with cutoff 3500 E)a ;against water/ Desalted - solution was concentrated in vacud 
and used in a reaction with 2-fold excess of poly-Briysine, Mw 4000, in 
15 methanol -water solution for 16-24 hrs at room temperature. The conjugate 
; pbtaine 

(fine) (Pharmacia) in water and then by reverse phase chromatography on semi- 
{ : preparative column (Vydac CI 8 5ii j\ 0 mm x ;25 crn) in acetonitrile concentratibri 
" . gradient: The . yield was 70%. Content of amino groups was measured by 
20 ; / . fluorescam and total nitrogen content . : was i determined by fefeinerital 

; analysis to assess; the purity of the conjugates. Usually it was about 75-90% based 
on graviometry. • • 
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EXAMPLE 2$ 
Synthesis of Cationic Block Copolymer 

^ Following ffi substituting the : ^Md-ekc^;?pf " 

.-- poly-L-lysine \by'.; : the same : ■ excess of polyethyleneimine, 

5 (NHCH 2 CH 2 ) x [N(CH 2 CH 2 )CH 2 CH 2 ] y) Mw. 2000 (Aldrich Co!) there is obtained 

0.4g of the cationic diblock copolymer: 

CH 3 0(CH 2 CH 2 0) M4 C(0)(NHCH 2 CH 2 ) x [N(CH 2 CH 2 )CH 2 CH 2 ] y 

. EX A M PLE 27 : ■ 
Synthesis of Grafted Copolymer 

10 A. 24g (3 mmol) of poly(ethylene glycol), mw 8000 (Aldrich Co.) were dried 

by co-evap6ration with anhydrous pyridine in vacuo and dissolved in 50 ml of 

anhydrous acetonitrile. Then 0.5 lg (1.5 mmol) of^'-dimethqxytrityl chloride- in 

30 ml of anhydrous pyridine was added to this solution dropwise under continuous 

stirring during 30 min. The mixture was allowed to stand for additional 2 h at 

: 15 room temperature, then the solvents were evaporated in vacuo. The residue was 

dissolved in 50 ml of dichloromethane, extracted with 5% sodium bicarbonate (2 x 

30 ml), and appli^ cm, 40-60 |xm|| : :^pi: 

eliition with dichloromethane-methanol solutions : separated a slightly yellow 

20 75-85%. The side product of the reaction (10-15 % yield) was the bis-4,4'- 
dimethbxytrityl-deriyatiye of poly(ethylene glycol). 

B. 1.5g of riiono-4,4%dimethoxyt:rityl-derivative of poly(ethylene glycol) 
; qbt^inedi in ml of 
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anhydrous acetoriitrile for 3 hrs at room temperature. The solvent was evaporated 

. in water and dialyzed through Membra-Cel MD 

25-03.5 membrane with cutoff 3500 Da against water. Desalted solution was 

concentrated in vacuo and then reacted with poly-L-lysine, Mw. 19000 in 

5 methanol- water solution for 24 h at room temperature at a molar ratio of 

poly(ethylene glycol) to free amino groups of poly-L-lysine 0.7:1.0. The 

conj ugate obtained was purified by gel-permeation column chromatography pri 

'Zffi- Sephadex-50 (fine) (Pharmacia) in ^ater and then by reverse phase 

chromatography on semi-preparative column (Vydac CI 8 5u ,10 mmx25 cm) in 

10 acetonitrile concentration gradient. This yields a grafted polylysine copolymer at 

: . 35% yield in which 5 0% of free ami ho groups are ; substituted with poly(ethylene 

glycol) as detennined by fluprescamin^ method. 

Synthesis of Grafted Copolymer 

15 :.. A. 24g:(3 mmol) of poly(ethylene glycol), mw 8000 (Aldrich Co.) were dried 
by co-evaporation with anhydrous pyridine in vacuo and dissolved in 50 ml of 
anhydrous ■'acetonitriiie. Then 0.51g (1.5 mmol) of 4,4 ? -dimethoxytrityl chloride in 

; r { 30 ml of anhydrous pyridine was addedrtb this solution dropwise under continuous 
stirring during 30 min. The mixture was allowed to stand for additional 2 h at 
then the solvents were evaporated in vacuo. The residue was 
dissolved in 50 ml of dichloromethane, extracted with 5% sodium bicarbonate 
(2x30 ml), and applied on the Silicagel column (3x45 cm, 40-60 urn). Stepwise 
\ : elution with dichloromethane-methanol solutions separated a slightly yellow 
mdnp4^ r dimeM with an yield about 
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75-85%. The side product of the reaction (10-15 % yield) was the bis-4,4'- 
dimethoxytrityl-derivative of poly(ethylene glycol). 

;B. ; 1 .5g ; of of polytethyl^iie glycol) 

obtained in A was activated by 0.25g of l,r-carbonyldiimidazole in 10 ml of 
5; ■ anhydrous acetonitrile for 3 hrs at room temperature. The solvent was evaporated 
in vacuo, the residue redissolved in water and dialyzed through Membra-Cel MD- 
25-03.5 membrane with cutoff 3500 Da against water. Desalted solution was 
concentrated in vacuo and then reacted with polyethyleneimine, Mw. 25,000 in 
methanol«-water ' solution :;:for 24 ; h ; room temperattire at - a molar ratio of 
10 po!y(ethylene glycol) to free amino groups of polyethyleneimine 0.7:1.0. The 
conjugate obtained was purified by gel-permeation column chromatography on 
Sephadex-50 (fine) (Pharmacia) in water and then by reverse phase 
chromatography on semi-preparative column (Vydac CI 8 5 jim, 10 mm x 25 cm) 
in acetonitrile concentration gradient. This yields a grafted polyethyleneimine 
• 15 block copolymer at 85% in which 45 % of free amino groups are substituted with 
polyethylene glycol) as determined by fluorescamine method as described by 
Weigeleef a/. (J. Amer. Chem. Soc, 1972, 94:5927). 

EXAMPLE 29 
Synthesis of Grafted Copolymer 

20 Following the procedure of Example 28 but using a molar ratio of activated 

pply(ethylerie:glycpl) to free ^ino'grbiips =6f polyethyieneimine 0.3:1 .0, there is 
obtained hr 80% yield a grafted polyethyleneimine copolymer in which 24% of 
'.-;.:/: free amino groups are substituted with polyethylene glycol). 
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EXAMPLE 30 
Synthesis of Cationic Bl ock Copolymer 

Following the procedure of Example 26 but substituting 6.0g of 

polyethyleneglycol, mw 20,000 for the excess of polyethylene glycol, mw 5,000 

• : ; 5 ; there is obtain block copolymer; 

CH 3 0(CH 2 CH 2 0)45 6 C(0)(NHCH 2 CH 2 ) x [N(CH 2 CH 2 )CH 2 CH 2 ] y 

EX AM PL E 31 
Synthesis of Cationic Block Copolymer 

10 A. ; Following the procedure of Example 26 but substituting 1.5g of 

polyethyleneglycol, Mw. 5,000 by 2.4g of polyethyleneglycol, Mw. 5,000 

(Aldrich Co.) there is obtained L2g of the cationic block copolymer containing 

polyethyleneinmine and polyethyleneglycol chain segments. 

B. The molecular mass of this block-copblymer was determined by static 
15 light scattering method using DAWN multi-angle laser photometer (Wyatt 
Technology, Santa Barbara, CA) which operated at 15 angles and equipped with 
He-Ne laser (632.8 nm). The samples of the block copolymer were dialyzed 
through membrane with cutoff 3,500 Da against 4,5x1 0* 3 g/ml NaCl and^ then '. 
filtered directly into flow cell used for light s^ 
q2Q ••: . aydr^- : ;mo^ base of four hie^ure^ ;Cell 

. constant was determined by :. calibration with different concentrations of NaCL 
Specific refractive index increment (dn/dc) was measured using Wyatt/Optilab 
• / ; 9 

: obtained was 1 6 #00, suggesting that this polymer contained approximately dn^ 
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v polyethyierieinmiiie segment and two polyethylenegiycol segments. 

C The number of the primary amino groups in the synthesized sample of the 
copolymer was determined using a modified procedure described by Weigele e/ 
al (lAmer.Chem.Soc, 1972, 94:5927). To 1.5 ml of a sample in 20 mM sodium 
5 borate, pH 9.5 (amino groups concentration up to 100 uM) 0.25 ml of 
fluorescamine solution (0.024%, Sigma) in acetone was added and vortexed for 5 
mih. The ; me^i^ements have begirt; made on spectrdfluorometer Shimadziii- at • 
excitation wavelength 384 nm and at 430 to 510 nm emission wavelength range. 
Extinction coefficient at emission 475 nm was determined as equal to 1.58xl0 6 M" 
10 !. The specific amount of primary: amino groups was 0.69 mmol/g. 



Synthesis of Gra fted Copolymer 

Following the procedure of Example 28 but substituting 24 g of polyethylene 
glycol) by the same amount of Pluronic L61 (BASF Co!) and using a molar ratio 
.15 of activated Pluronic L6 1 to free amino groups of polyethyleneiinine 0.3 : 1 !o, there 
is obtained in 22% yield a grafted polyethyleneimine copolymer in which 8% of 
free amino groups are substituted with Pluronic L6 1 . 

E X A MPLE 33 
Synthesis of Grafted Copolymer 

20 Following the procedure of Example 28 but substituting 24g of poly(ethylene 

glycol), by the same amount of Pluronic P85 : and using a molar ratib of activated 
.Pluronic P85 to free arhino groups of polyethyleneimine 03: 1,0 there is : obtained 
in 70% yield a grafted polyethyleneimine copolymer in which 1 1% of free amino 

• • '•• & ■ : ' ; -:• ;i • ; : V * ;'-V. . • ' " •"' ■ • 76 " ' '- •'- •■ ";■ < A ■ ' - • i : \ [ : - j ;• A 
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groups of polyethyleneimine are substituted with Pluronic P85. 

Synthesis of Grafted Copolymer 

Following the procedure of Example 28 but substituting 24g of poly(ethylene 
• 5 glycol), by the same amount of Pluronic L123 (BASF Co.) and using a molar ratio 
of activated Pluronic LI 23 to free amino groups of polyethyleneimine 0.3:1.0 
there is obtained in 30% yield a grafted polyethyleneimine copolymer in which 
9% of free amino groups are substituted with Pluronic L123. 

' EXAMPLE 35 : ' 
io Synthesis of Gifted Copolymer 

Following the procedure of Example 28 but substituting 24g of 

poly(ethy lene glycol), ty the same amount of Pluronic F3 8 (BASF Co;) ainci using 

a molar ratio of activated Pluronic F3 8 to free amino groups of polyethyleneimine 

0.3:1 .0 there is obtained in 40% yield a grafted polylysine copolymer in which; 9% 

: : 15 of Tree amino groups are substituted with Pluronic F3 8. . 

EXAMPLE 36 
Synthesis of Multi-Graft ed Copol yme r 

Following the procedure of Example 28 but substituting polyethyleneimine 

by polyethyleneimine:; modified with Pluronic LI 23 (BASF CoO obtained in 

20:: - Example 35: and using a molar ratio of activated poly(ethylene; glycol) to free 

amino;;:^ obtained in 20% 

yield a grafted polyethyleneimine copolymer i n which .9% of free amino : groups 

are substituted with Pluronic LI 23 and 30% of groups are substituted with 
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poly(ethylene glycol). 

Comply wi^ . " 

A. Model phosphorothioate oligodeoxyribonucleotide PS-dT20 was 
5 synthesized using ABI 291 DNA Synthesizer (Applied Biosystenis, San Diego, 

CA) following: the standard protocols. After ammonia deprotection the 
■ oligonucleotide Awas\ ! twice-, precipitated by ethanol : and then : used without 
.r purification. • " .'. 

B. The complex formed between the PS-dT20 and polyethyleneimine- 
1 0 poly (ethylene glycol) block copolymer obtained in Example 28 was obtained by 

mixing the aqueous solutions of these polymers :in 16 :mM phosphate buffer, pH; 
7.4 so that the iratio of the primary amino groups of the block copolymer to the 
plfosphkte ; chargbs of the PS?dT20 was 1.0. All solutions were prepared using 
double distilled water and were filtered repeatedly through the Millipbre;: 
1 5 membrane with pore size 0.22 jiM. 

^ ^ (EPM) and the size of the particles of the 

• : - ^complex synthesis 

performed at 25°C with an electrical :'; field strength of 15-18 V/cm '. using 
"ZetaPlus" Zeta Potential Analyzer (Brookhaven Instrument Co.) with 15 mV 
20 solid state laser operated at a laser wavelength of 635 nm. The zeta-potential of 
the particles was calculated from the EPM values using the Smolucho wski 
^uatto^ diameter was measured by photon con&^ 

: spectroscopy iusing the same instrument equipped with the Multi Angle Option; 
The sizing measurements 

•:•••'*• ' ':■ "" ; : " '' . is •:"/": . :• V: "•• . .-. ": ;• 
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potential of this sample was close to zero, suggesting that particles were 

electroneutral. The average diameter of the particles was 35 hm. V 

E XAMPLE 38 
: Stability Against Nuclease Digestion , . 

5 100 |xg of the complex formed between the PS-dT20 and 

: : polyethyleneimine-poly(ethylene glycol) block copolymer obtained in Example 39 

was treated by 1 mg of snake venom phosphodiesterase (Phosphodiesterase I from 

. Crotalus adamant eus, 0.024 units/mg, Sigma) for 2 and 18 hrs at 37°C. Reaction 

" V jnjxtires were ana by ge^ penneatibn HPLC for digested if he 

10 digestion of the PS-dT20 in this complex was less than 5%. In contrast, free PS- 

dT20 treated with the same concentration of enzyme for the same time interval 

. • was digested completely: 

A ccumulat ion of Oligonucleo tide i n Caco-2 Monolayers 
15 A. A 5 ' -aminohexy 1 P S-dT20 oligonucleotide was synthesized using ABI 

: 291 DNA Synthesi^^ San Diego, CA) following the 

££'■ stahdarcl pmtocols.^ A^ the :olig6nucleotide ; ;.:w^fwiQie; ;: ; 

precipitated by ethanol and then used without purification: 5 ? -Aminohexyl PS- 
dT20 was labeled by reaction with fluorescein isothiocyanate (Sigma) following 
•20 ; : ■•; • the manufacturer pro^ PS-oligpnucleotide was separated 

from unreacted fluorophore using a Pharmacia PD-10 size exclusion. 

polyethyleneimine-poly(ethylene glycol) block copolymer was synthesized ; as 
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described in Example 37 but using fluoresceiii-labeled PS-dt20 instead of PS- 

; .->;;dT20. . Vx;i : : . \r--; % 

J. Natl.:^ were kindly provided by Borchardt R.T. 

5 (The University of ^ K^sas;; Lawrence, Kansas);;:; the cells were maintained in 
Dulbecco's Modified Eagle's Medium (DMEM), containing 10% heat-inactivated 
.fetal bovine serum -(FBS), l°/o non-essential amnio acids; benzylpenicilin (100 
U/ml) and streptomycin (10 ug/ml) 5 in an atmosphere of 90% air and 10% C0 2 as 
described by Artursspri (J. Ph^-Sci.,; 79:476-4^ tissue culture 

10 media were obtained Life Technologies, inc. (Grand Island, NY). The 

cells were grown ion collagen coated polycarbonate filter chamber inserts 
(Transwell, Gostar Bran Culture Products, Gontd.; pore size 0.4 urn; 

diameter 24.5 mm). 250,000 cells were added to each insert ' and cells of passage 
number 32-45 were used. The cells were fed every second day and were allowed 

15 to grovy and (di^ to 14 days before the; mo 

following absorption experiments. 

D. Caco-2 cell monolayers were preincubated for 30 min. at 37° C with assay 
buffer, containing sodium chloride (122 mM), sodium bicarbonate (25 mM), 
glucose (10 mM), HEPES (10 mM), potassium chloride (3mM), magnesium 
^ chloride (1-4: m^ 

^ (fiA mM). After this, the assay buffer was removed^ and the bells were exposed to 
; 5p juM ifluorescein-labeled PS-oligonucleotide or its complex in the assay buffer 
: ./jl) v - for 90 min ; at 3 : : ; . After that the dye solutions were removed arid; cell 
;/ : monolayers ;;were;; w^hed: t^ reS;V:v-Geifsj were then 
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" : l sblubilized ". ih E : 1 .0% Triton":! X^rbO. "."ah'd . : 'aliquots- .(25 were removed for 
determination of cellular fluorescence using a Shimadzu RF5000 
spectrofluorometer at hex = 488 run, :Xem ~ 520 nm. Samples were also taken for 
protein determination using the Pierce BCA method. The amounts of fluorescein- 
5 labeled PS-dT20 absorbed by the cells was as follows: 



^Sample : : //v^-; : 


Cellular accumulation of oligonucleotide, 
nmol/mg protein 


Free fluorescein-labeled PS-dT20 


0.14 + 0.03 




The complex 


j v ; 0.5 ± p;01; : ; 



: : This demonstrates that incorporation of polynucleotide in the complex with 
the block copolymer increases cellular accumulation of polynucleotide by more 
than 3-times. 



io FX AMPLE 40 

Transport of Oligonucleotide Across Caco-2 Monolayers 

A. The filter-grown Caco-2 ^monolayers were used for oligonucleotide 

permeability studies after complete maturation, /Ye. ; as from day i 1 4 after plating. 

Filters; wer^ 

15 cells from Crown Bio Scientific, Inc. (Somerville, N.J.) maintained at 
;:; 37°C±0.1°C. This system is used as an in vivo model of human intestinal 
epithelium to evaluate oral bioavailability of drugs (Pauletti et al Pharm. Res., 
14:11-17, 1977). Cell monolayers were preincubated for 30 minutes at 37° C with 

20 nohressenti^^ :-U/ml)- :ai^ (10 
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ug/ml), added to both donor and receptor chambers (3 ml). After preincubation, 
the assay buffer in the receptor container was replaced by the fresh one, while the 
. ; assay buffer in the donor container was replaced by 50 fluorescein-labeled PS- 
oligonucleotide or its complex in the assay buffer. To account for the integrity of 
5 the monolayers the rhodamine 123 solutions in the donor container also contained 
- : H 3 -labeled manitol, a paracellular marker (Dawson, J) Membrane 77: i 21 3- 
233, 1977) obtained from DuPont Corp. (Boston, MA). At 120 min., the solutions 
in the receptor chamber were removed for determination of fluorescein-labeled 
PS-oligonucleotide using a Shimadzu RF5000 fluorescent spectrophotometer (tex 
10 = 488 nm, Xcm = 520 nm) and H 3 -manitol determination using a liquid 
scintillation counter (Hewlett Packard Instruments). Immediately after collecting 
the solutions in the receptor chamber 3 ml of fresh assay buffer was added to this 
chamber. The transport of fluorescein-labeled PS-oligonucleotide (or manitol) 
across Caco-2 cell monolayers was expressed as a percentage of the total 
15 fluorescein-labeled ; ; PS-oligohucleotide (or manitol) accumulated in the receptor 
chamber to the initial amounts of fluorescein-labeled PS-oligonucleotide (or 
; ; j:; : i;; ; manitol),-.in::the: donor chamber; A minimum of three different membranes was 
studied for each drug composition at multiple time points for each membrane. 
The results were as follows: 



Sample V 


PS-dT20 transport, % 


Manitol transport, 

:' % 


Free fluorescein-labeled PS- 
dT20 


0.001 ±0;0005 


4.0 ±0.1 


The complex ■ . 


0.075 ± 0,005 : 


: : 4.2 ±0.02 
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Thi s : dem onstrites that incorporation of polynucleotide in the complex iwitk ; 
' the block copolymer increases transport of this polynucleotide across ; Caco-2 
monolayers by more than 74imes 
5 affected. 

E XAMPLE 41 

Synthesis of Polvvinvlpvrrolidone-Polvethvleneimine Conj ugate 
: A; Carboxyterminated polyvinylpyrrolidone was obtained using the method 
described by Torchilin et al (J. Pharm. ScL 84: 1 049, 1 995). 

10 Polyvinylpyrrolidone was synthesized by chain transfer free radical 
polymerization of 50% wt N-viny lpyrrolidone (Sigma) in isopropoxyethanol with 
1% wt. 2,2-azoisobutyronitrile (Sigma) as the initiator. The MW of the polymer 
obtained was about 6,000 as determined by viscosimetry and gel-permeation 
chromatography on Sephadex G25. The terminal OH group of 

15 polyvinylpyrrolidone was converted into a COOH group by activating the OH 
group with 4-niirophenyl chlorophormate and subsequently coupling ; it with 
glycine as described by Sartore et al, J. Bioaci. Compat. Polym. 9:41 1 (1994). 

B. Six grams (1 mrnole) of carboxyterminated polyvinylpyrrolidone 
: obtained iii Part A dissolved in 30 ml 'of dry dioxane was treated with 0,2g of 
|() N^--dicyd 

with 2.5g (0.1 mrnole) polyethyleneimine, Mw, 25,000 XAldrich Co.) for 15 hours 
at room temperature. The reaction mixture was then dialyzed against water for 3 : 
; d^s us^ Spectra/Por , iriembranes ; and then purified;; ; by high-pressure liquid 
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chromatography using Silasorb CI 8 column in the gradient of acetonitrile. Three 

(3) g of ^polyvinylpyrrolidone-polyethyleneimine conjugate was obtained. 

E X A M P LE 42 

;- ; Synt hesis ^ Conj ugate 

5 A. Carboxytermiriated polyaryloylmorpholine was obtained using the method 

described by Torchilin et ah (J. Pharm. ScL, 84:1049, 1995). The monomer was 
synthesized by acylation of morphoIine:(Aldrich) with acryloyl chloride (Aldrich), 
which was then polymerized in water with 1% wt. 2,2 , -azoisqbutyronitrile (Sigma) 
as the initiator and 2-mercaptoacetic acid as chain transfer reagent (Ranucci et al. : • 
10 Macromol Chem. Phys., 195:3469, 1994). The molecular weight (MW) of the 
polymer obtained was ca. 8,000 as determined by viscosimetry and gel-permeation 
chromatography on Sephadex G25. 

B. Following the procedure of Example 40 but substituting 16g of 
carboxyterminated polyaryloylmorpholine for 6g of carboxyterminated 
15 polyvinylpyrrolidone in Part B there was obtained 4g of polyaryloylmorpholine- 
pbiyethylendimine conjugate. : 

EXAM P LE 43 
Synthe sis of Polyvinylpyrrolidone^^ 

■ '■■ A. • ". Carboxyterminated polyacrylamide was obtained using the method 

:2a ^ 

; percent by weight of acrylamide (Aldrich) was polymerized in &ox^;w\ih:l%^ 

wt. 2,2 , -a^isobiityronitrile (Sigma) as initiator ^ 
: : transfer reagent. • ^e ^ the : polymer obtained i was ci; 5fi00 as detenriiriecl 

W^P :: . ': - ' • : 84 ; y- • : -- 1 ^ • •• : ll ; : : ^r : :! :t; ; • - :i :; x; - • ^ • • • : : • : ^ i: 1 ---- ^ : ' ' :i • : 
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. y by yiseosimetry and ?gel-perrrieaition chromatography; oniiSephiiadex G25\ : 

: B. Following the procedure of Example ; 40V but substituting 25g i of 
carboxytenninated polyacrylamide for : 6g of carboxyterminated 
polyvinylpyrrolidone in Part B, lOg of polyvinylpyrrolidone-polyethyleheimine 
5 conjugate was obtained. 

EXAMPLE 44 

Synthesis of Polyacrylamide-PQ)ye% l e n e imjne Con ju gal 

: Following the : procedure- of; Example 42 but substituting vinyltriazole 
monomer for acrylamide monomer in Part A, 9.2g 6 f ; polyacrylamide- • 
10 polyethyleneimine conjugate was obtained. 

EXAMPLE 45 

Synthesis of Polvvinvlalcohol-gm^Polyethyleneimine Copolymer 

20g of polyvinylalcohol, mw. 100,000 (Aldrich) was activated by 2.5g of 
l,l'-carbonyldiimidazqle in 30 ml of anhydrous acetonitrile for 4 hrs at room 

15 ; temperature. The solved 

water and dialy zed through Membra-Cel MD-25-03. 5 membrane against water. 
Desalted solution was concentrated in vacuo ^id iused ; m 
polyethyleneinimine, mw. 2000, in methanol-water solution for 30 hrs at room 
temperature. The conjugate obtained was purified by gel-permeation column 

20; ; chipin^gi^ on :Sephadex-5 0 (fine) (Ph 

grayr-polyetKyleneimine copolymer was obtained^: : ; : 
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EXAMPLE 46 

Synthesis of monQmninQ-polyfethykne glycol) 

A. Poly(ethylene glycol), MW 8,000, obtained from Aldrich (St Louis, MO) 
was modified ; by : • pne terminal hydrpxyl group using with 4,4'-dimethoxytrityl 
5 (DMT) chloride (Sigma, St Louis, MO). Briefly, 16g (2 mmoles) of PEG were 
dried by coevaporation in vacuo with anhydrous pyridine (3 x 50 ml) and 
dissolved in 100 ml of the solvent. 0.34 g (1 mmole) of 4,4 , -dimethoxytrityl 
chloride in 10 ml of anhydrous pyridine was then added to this solution dropj^sef 
and the mixture was left stirring overnight at 25 9 C. M6notrity|i; 
10 lated polymer: wase separated from; fast moving bis-substituted by Tprodue^^d;- 
non-reacted iriitiial compounds by ; preparative column chromatography : lion? 
Silicagel (Selecto : Scientific, Norcross, GA), particle size 32-63 jim, using a 
stepwise elution by methanol ; in dichloromethane. Fractions containing mono 
DMTrsubstituted poly(ethy lene glycol) (DMT-PEG) were collected and solvents 
15 were: removed in vacuo. DMT-PEG;was obtained with 40 % yield; 

B. To prepare the monoamino-poly(ethylene glycol) (N-PEG), 1.5 g of 
DMT-PEG (0.18 mmol) was coevaporated twice in vacuo with anhydrous 
acetonitrile (10 ml) and treated by ^ excess of 1 

biotin^po^ethylene glycol)-polyethylenymer comprising a polyether segment and 
20 a polycation segment In yet another : aspect, the invention provides 
polynucleotides 10 that have been covalently modified at their 5' or 3' end to 
attach a polyether polymer segment.: : :. 
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Wfat is chimed 

1. A polymer of a plurality of covalently bound polymer segments wherein said 
: segments comprise: 

; copolymer comprising; at least three cationic amino acids, p 

aminoalkylene monomers, said monomers being selected from the group 
consisting of: 

(/) at least one tertiary amino monomer of the formula: 



,R 2 - 



m 



-R4 

-R5 



and the quaternary salts of said tertiary amino monomer, and 
(/^);at least one s^ amino monomer of the formula: 



^llMH^R^ 



arid: the acid addition and quaternary salts of said secondary amino 
monomer ; .;.•> • ■ ' : > : ; .; 
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in which: 

R\is hydrogen,; alkyl "of 2 to 8 carbon: atoms, an A monomer, or a B. 
monomer; 

each of R and R , taken independently of the other, is the same or 
: different • straight or branched chain aJkanediyl group ; of the 

•y"- •■ ;-.' : v: , : formula: •' . : ; . ■ ■ : H V i : - : • •• ' • : "" ''■ • • ' : 

• in which z;has a value of from 2 to 8; : 

R\ is -hydrogbn satisfying , one bond of the depicted geminally 
bonded carbon atom; and 

R 5 is hydrogen, alkyl of 2 to 8 carbon atoms, an A monomer, or a B : 
monomer; 

R 6 is hydrogen, alkyl of 2 to 8 carbon atoms, an A monomer, or a B 
monomer; 

; R 7 is a straight or branched chain alkanediyl group of the formula: 
[ ih which z has a y^liie of from 2 to 8; and : 

; R is hydrogen, alkyl of 2 to 8 carbon atoms, an A monomer, or a B 
• • monomer; and • 

: v (b) at least one water-soluble nonionic polymer segnierit. 
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2. The polymer according to claim 1 wherein the water-soluble nonionic 
polymer segment is a homopolymer or copolymer of at least one of the monomers 
selected ; ■from^iffie' group s consisting of : ^^s^M^i^c^al,^ vinylalcoHcrt;; I 
vinylpyrrolidone, vinylpyridine, vihylpyridine N-oxide, oxazoline, or a 
acroylmorpholine, and derivatives thereof. 

3. The polymer according to claim 1 wherein the water-soluble nonionic 
polymer is of the formula: 



€H 2 T^CH 



NH 2 
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til 



!===() 



-CH 2 ~CH 




rri 



in which m has a value of from 3 to about 10,000. : • 

4. The polymer according to claim 1 wherein said water-soluble nonionic 
polymer segment comprises at least one straight or branched chained polyether 
segment having from about 5 to about 400 monomelic units which is: ; • 

(z) a homopolymer of a first alkyleneoxy monomer -Oe^H 2n - br ' 

. (ii) a copolymer or. block copolymer of said first alkyleneoxy ... 
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monomer and a second different alkyleneoxy monomer -OCJtf^-, 

in which n has i a value of 2 or 3 and w has a value of fr^ 

comprising the polyirier 

i 6. A composition comprising the polymer of claim 1 and a targeting molecule. 

. 7. A composition comprising the polymer of claim 1, a polynucleotide and a 
surfactant. 

nonionic, or zwitterionic. 

9. A composition comprising the polymer of claim 1 and a virus. 

\;;;';:';V;l;. :: :10. A: composition comprising the polymer of claim 1 and at least one of a ligand 
and a receptor. 

11. A composition comprising the polymer of claim 1 and at least one of biotin, : :: 
; avidiri, and streptavidin. .' 

12 ; A method of treating a mammal in need of treatment comprising 
13 . ; A copolymer comprising at ^ 

poly ether segment, said polyether segment comprising oxyethylene and'; . 
oxypropylene. 



91 



INTERNATIONAL SEARCH REPORT 



International application No . 
PCT/US98/16012 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61K 31/735; C07H 21/04; C08F 2S3/00, 293/00; C08L 1/00, 71/02 
US CL -524/612; 525/54.2, 92A f 92L, 540; 536/23.7, 23 72/ 24.5; 514/44 

According to International Patent Classification (IPC) or to both national classification and IPC 

R FIELDS SEARCHED ; . ; ^ : t^;Y : \ ■ ': I .X/. - • : • - : * 
Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 524/612; 525/54.2, 92A, 92L, 540; 536723.7, 23.72, 24.5; 514/44 



Docuinentaiio 



Electronic data base consulted during the mternadonal search (name of data base and, where pracdcable, searcn tenru used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



H 

w 



US 5,462,990 A (HUB et al.) 31 October 1995, abstract; 
column 1, line 60 to column 2, line 10, column 2, lines 43-58, 
column 3, lines 2-42 and 66^68^ column 4, lines 1-6, column 6, lines 
23-36, column 9, lines 30-39, column 14, lines 20-35 and column 
16, lines 3-13. 

US 4,347,339 A (BOEVINK et al.) 31 August 1982, abstract, 
column 1, lines 1-10 and 50-68, column 2, lines 39-56 and column 
:3 » ime 42 to <^kimn 4/: line 10; f 



1-8, 10, 12-13 



1-13 

1, 4, 8, 13 
1, 4, 8, 13 



fW| Further documeitts are listed in the continuation of Box C. f" 7 ] See patent family annex. 



Special categories of cited documents: • 

document denning the general state of the art which b not coniidered 
to be of particular relevance 

earlier document published on or after the mteroeuoneJ filing date 



l which in ay throw doubts oh priority cUim(a) or which U 
cited to establish the pub li cation date ; of another citation or other 
• special reason (as specified) 

document referring to an oral disclosure, use,, exhibition or other 
means . • 

document published prior to the international Tiling date but later than ; 



later document publiihed after the international filing date or priority 
date arid not in conflict with the applicatioa but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone : :' 

document of particulsr relevsnce; the claimed invention cannot be 
considered to involve an inventive step when the document ts 
combined with one or more other such documents, such combination 
: being obvious to a person skilled in the art 

document member of the same patent family : 



Date of me actual completion of the international search 

;2Q q • 


-Date of mailing of the international search report > 


Name and mailing address of the ISA/US . 
Commissioner of Patents and Trademarks • 

•!' : BOX: PCt 

Washington, DC; 20231 
FaciixruleNo (703) 305-3230 


ANDREW B.C. MERRI AM 0h 
Telephone No (703) 308-235 if 



Form PCT/IS A/210 (second sheet)(July 1992) *• 



